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TRACE ELEMENTS 


On Tuesday, September 6, 1955, at the Bristol Meeting of the British Association 
Sections K (Botany) and M (Agriculture) jointly discussed the problems of trace ele- 
ments and plant growth. Professor T. Wallace, C.B.E., M.C., F.R.S., Director of the 
University of Bristol’s Research Station at Long Ashton, opened the session with a paper 
on trace elements in plant nutrition. Dr. E. J. Hewitt, also of the Long Ashton Re- 
search Station, dealt with the problems and methods in establishing the essential nature 
of trace elements in plants. Dr. D. J. D. Nicholas, Long Ashton, then discussed the réle 
of molybdenum in the nitrogen metabolism of plants, with particular reference to nitrate 
reductase. Mr. J. W. Hannay, of the University of Manchester, contributed a paper on 
the use of excised root cultures in the study of micronutrient problems. 

An account of these papers prepared by Professor Wallace appeared in Nature during 
October, 1955. 

Section M (Agriculture) separately contributed two papers to this session. The first, 
by Dr. D. P. Cuthbertson, Director of the Rowett Research Institute dealt with trace 
element deficiencies in stock. The second paper wa; presented by Dr. Ruth Allcroft of 
the Veterinary Laboratory, Ministry of Agriculture, Fisheries and Food, who discussed 


industrial fluorosis in farm animals. 


These two papers are printed below in the order of their delivery. 


Trace ELEMENT DEFICIENCIES IN STOCK 
by 
Dr. D. P. Cuthbertson 


Just as plants have the faculty of assimi- 
lating large amounts of certain elements 
out of proportion to their abundance in 
the soil, so animals have a similar but less 
pronounced ability to retain selectively 
certain elements from the plants they eat. 
Some of these in traces are essential to the 
animal, many others are found also in 
traces but their presence has so far not 
been proved to be essential and some, like 
selenium, are actually harmful. 

A trace element in the sense of this ad- 
dress is generally a metal—iodine and 
fluorine being exceptions—which is pres- 
ent in the organism in not more than | part 
in 20,000 (50 p.p.m.) normally and there 
subserves an essential function either as a 
constituent part of a respiratory pigment 
like iron in haemoglobin, or as cobalt in 
vitamin B,,, or as a coenzyme or enzyme 
activator or as part of an enzyme itself. 
Generally, therefore, the trace elements 
exist in, or in association with, complex 
molecules. 


IRON 


Iron is abundant in the soil but plants 
require only a small amount. Where 
livestock have access to soil or pasture 
there is no risk of iron deficiency arising. 
The ubiquity of iron in commonly fed 
rations, leaves and seeds in particular, 
especially the germ and outer coatings of 
the latter, is such that uncomplicated iron 
deficiency disorders do not usually occur. 

Most of the iron in the body is present 
in the form of haemoglobin and a de- 
ficiency of iron is shown by an anaemia 
with small red cells but generally of 
normal haemoglobin content and some- 
times in laboratory animals by fatty in- 
filtration of the liver and lipaemia as 
occurs when a ‘ conditioned ’ deficiency is 
brought about by too much calcium carbon- 
ate in the diet. The carbonate interferes 
with the assimilation or utilisation of iron 
and inadequate oxidation of fat results. 
This same principle may operate in other 
trace element deficiencies. 


Piglet anaemia 


A particular case where trace minerals 
are of considerable importance in pig- 
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keeping is the prevention of piglet anaemia. 
As a pig’s liver reserves of iron at birth 
are low, and as sow’s milk is deficient in 
iron, anaemia will develop if the piglets 
have no access to soil. It is not possible 
to increase the iron content of the milk by 
feeding additional iron to the sow (e.g. 
Elvehjem et al., 1927 ; Foot & Thomson, 
1938 ; Venn et al., 1947) although when 
this is done the anaemia may be avoided 
because the piglets obtain iron from the 
sow’s faeces (McGowan & Crichton, 1924). 
A more certain method of prevention is 
by placing soil—perhaps mixed with 
ferrous sulphate at the rate of 5 g. per 
10 kg. soil—in the farrowing pens, or by 
dosing the piglets with iron salts. Al- 
though copper is also necessary for haemo- 
globin formation, some consider that there 
is no need to dose the piglets with copper 
even though the form of iron is copper- 
free (Hart e al., 1930; Draper & Mc- 
Elroy, 1949). Iron salts, however, are 
rarely copper-free but as an insurance 
mixtures of iron, copper and cobalt salts 
are frequently used in practice. 


CoBALT 


The largest areas of cobalt deficiency in 
pasture probably occur in soils derived 
from sandstone particularly when cal- 
careous. Other soils likely to be deficient 
are limestone soils and soils derived from 
granite or loess. 

Mitchell (1955) has pointed out that 
because of variation in availability from 
soil to soil, no direct correlation between 
the total content and cobalt uptake of the 
herbage is possible. The uptake of cobalt 
by pasture plants may be markedly re- 
duced by overliming the soil and Mitchell 
(1954-5) has pointed out that it is rela- 
tively safe to lime most soils up to pH6 
without restricting cobalt uptake. 


Plant-animal relationships 


Very shortly after the demonstration in 
both Western Australia and South Aus- 
tralia that small supplements of soluble 
cobalt salts, administered by mouth, could 
effectively prevent and cure ‘ pining’ or 
‘enzootic marasmus’ in Western Aus- 
tralia and that dramatic responses also 
occurred in Coast disease even though 
this was a combined cobalt and copper 


deficiency, the disorder known as ‘ pine’ 
in sheep in Scotland and England was 
reported to respond to cobalt. 

The severity of the syndrome and the 
lack of cobalt in the fodder run in parallel : 
the deficiency in the plant is the result of 
a deficiency in available cobalt in the soil. 
When seasonal outbreaks occur they are 
frequently the consequence of a rapid 
growth of grass on an incipiently deficient 
terrain. Grasses in general appear to 
contain less cobalt than other fodder 
plants where the soils are short in this 
element. 


Cobalt metabolism 


Cobalt forms the mineral element in the 
compound cyanocobalamin (vitamin B,,) 
and is synthesised by rumen micro-organ- 
isms using dietary cobalt. In non-rumin- 
ants it must be pre-formed in the diet and 
forms a large part of what was called the 
‘ animal protein factor.’ 


Symptoms of cobalt deficiency in ruminants 
The symptoms of cobalt deficiency in 
sheep in many areas of this country consist 
of a progressively wasting disease (Stewart 
& Holman, 1944). The absence of any 


marked degree of anaemia here has been 
held to indicate that the anaemia, if it 
occurs, is rather an expression of mal- 
nutrition than the essential lesion, but 
more exact work is needed. There is 
failure of appetite and consequent emacia- 
and lethargy. In severe cases the blood 
volume and plasma protein concentration 
are materially reduced and Australian 
workers have reported that the oxygen- 
carrying capacity falls to 30 per cent. of 
normal or lower—the degree varying with 
the severity. In the acute form, appetite 
fails to such an extent that death super- 
venes through inanition. There are no 
obvious attendant nervous sequelae. 

With less severe restriction in intake the 
growth rate of the lamb is seriously im- 
paired and the adult loses weight but does 
not exhibit any obviously specific clinical 
signs. Indeed the ewes can carry lambs 
to full term, even when in an advanced 
stage of the acute syndrome. However, 
the lamb which is born either succumbs 
within a few days of birth or is sickly and 
grows very slowly depending on the degree 
of deficiency. 
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The syndrome in cattle is similar but 
not so spectacular. Young growing ani- 
mals are particularly prone—they become 
unthrifty and anaemic. The calves born 
of cobalt-deficient cows are weak and 
scarcely survive more than a week. The 
degree of cobalt deficiency usually preva- 
lent in pastures on deficient terrain leads 
to a subacute state of deficiency which 
causes unthriftiness in the cow, lack of 
milk, and the calves develop a general 
cachexia. 

Kawazu disease is a condition occurring 
in cattle in Japan, characterised by a 
large red-celled anaemia cured by in- 
jecting vitamin B,,. It is believed to be 
due to SiF, ions in the water inhibiting 
the multiplication of vitamin B,,-pro- 
ducing actinomycetes, as these were found 
to be absent from the faeces of afflicted 
animals. Administration of silicofluoride 
to calves brought about the disease within 
one month and in ten months the red cell 
count was halved (Sahashi & Iwamoto, 
1952 ; Sahashi et al., 1953). 


Prevention and cure 


The therapeutic test is the only sure 
diagnosis. Provision of cobalt by mouth 
at apparently any stage will arrest the 
condition and once a normal cobalt intake 
is achieved the animals rapidly recover 
appetite and their normal health. 

Work, particularly in Australia, indi- 
cates that a total ingestion of 0-07 to 
0-09 mg. cobalt daily is close to the quan- 
tity that will completely fulfil the require- 
ments of sheep, and for this a fodder con- 
taining 0-08 to 0-10 p.p.m. on a dry 
matter basis is probably about the lower 
limit of security in respect to cobalt. The 
bovine requirement is not known with 
such definition but it is not unlikely that 
it will be of the same general order as that 
for sheep, namely 0-5 mg. Certainly 1 mg. 
per day is sufficient. Supplementary 
cobalt may be administered by drenching, 
by mineral mixtures and ‘licks’ or by 
dressing the pasture with cobalt salts. 

It is necessary to stress that when ani- 
mals are dosed with cobalt this must be 
ingested. Unless injected as vitamin B,», 
cobalt as a salt is largely valueless when 
injected into the blood-stream even though 
by this means the level is maintained at a 
very much higher point than normal. 
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Cobalt must be ingested frequently ; it 
has been found effective when given thrice 
weekly. Its zone of action appears to be 
above the duodenum. 


Cobalt requirements of non-ruminants 

The fact that horses, rabbits and mar- 
supials do well when restricted to seriously 
cobalt-deficient fodder suggests that rumi- 
nants are unique in their greater demands 
for cobalt. 


CopPER 
Soil-plant relationships 

As copper is widely distributed through- 
out igneous rocks occurrences of copper 
deficiency in soils derived from such rocks 
are infrequent. Among mineral soils such 
occurrences are confined chiefly to those 
derived from silica- or carbonate-rich 
sediments (Mitchell, 1955). 

In soils with adequate amounts of 
copper, controlled liming is quite safe, 
although in copper-deficient areas the 
beneficial effects of copper dressings can 
be reduced by liming. 


Copper metabolism 


Copper is probably an indispensable 
constituent of all living cells and it as- 
sumes a concentration pattern which 
indicates a correlation between copper and 
cellular activity. The copper-containing 
oxidases serve specialised physiological 
processes but are not found in all cells. 
Copper is also necessary for the folding of 
the keratin molecule to produce the 
normal structure of the wool in sheep, it 
is important in maintaining the myelin of 
the central nervous system (Marston, 1952) 
and plays a part in the pigment, melanin. 
In higher animals copper plays a part in 
the utilisation of iron for haemoglobin 
formation, not so much by increasing the 
absorption of iron as by its conversion to 
haemoglobin. Apart from the discovery 
of functional réles for copper in the en- 
zymes butyryl coenzyme A dehydrogenase 
(Green, Mii & Mahler, 1954), kidney 
‘laccase’ (Baker & Nelson, 1943) and 
caeruloplasmin (Holmberg & Laurell, 
1951), evidence for the importance of 
copper in metabolic reactions is largely 
inferred from observations of gross meta- 
bolic disturbances in experimentally in- 
duced copper deficiency and hence the 
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point at which copper intervenes in these 
processes is often unknown. 


Symptoms of copper deficiency in ruminants 

Sheep.—The disease ‘ neo-natal ataxia 
of lambs ’ has been known for many years 
under a variety of names but ‘ swayback ’” 
is the commonest. The condition has a 
wide geographical distribution throughout 
England, Wales and Scotland. It is the 
equivalent of the ‘enzootic ataxia’ of 
Australia (Bennetts e¢ al., 1937, 1942) and 
New Zealand (Cunningham, 1946). Al- 
though the disease has a wide distribution 
throughout the country the incidence 
varies from year to year on the same farms 
and in the same districts, but there are 
some areas, such as parts of Derbyshire 
where it occurs year after year. The dis- 
ease is broadly related to the sojourn of the 
ewes on the ‘affected’ farms. Before pro- 
phylactic measures were introduced the 
mortality in severely affected areas varied 
from 5 to 50 per cent. of the lambs born. 

According to Innes and Shearer (1940) 
who first described the symptoms and 
pathology in detail these appear to vary 
in severity. The lambs may be affected 
with a spastic paralysis when born or not 
till some months after birth. Mothers of 
affected lambs remain apparently healthy. 
These symptoms of inco-ordination are 
due to pathological changes in the brain 
with secondary degenerations in the out- 
going nerves (demyelination). The extent 
of this demyelination of the central nervous 
system varies from small foci in the cere- 
bral white matter of the brain to gross 
demyelination of the cerebral hemispheres 
and the formation of cavities. 

The normal concentration of copper in 
the blood is about 1 to 2 millionths of a 
gramme (1-2 ug.) per millilitre (1 ml.) 
and according to the severity of the de- 
ficiency levels down to 0-2 yg./ml. or even 
less are found and the reserve of copper 
which is normally concentrated in the 
liver may fall from a normal around 
200 ug./g. dry matter to as low as 2 ug./g. 

The writer elsewhere has described the 
early history of the discovery in Australia 
that the disease was related to a deficiency 
of copper in the herbage (Cuthbertson, 
1954). Subsequent work in the U.K. 
showed a similar low copper status of 
swayback lambs and ewes and it is now 


well known that the condition can be pre- 
vented by administering copper sulphate 
to pregnant ewes, but the relationship to 
an actual deficiency in the herbage is not 
at all clear-cut. 

Although ‘ swayback ’ in the U.K. and 
‘ enzootic ataxia’ of Australia correspond 
very closely there is the important aetio- 
logical difference that in Australia the 
disease occurs on pastures low in copper, 
below 5 p.p.m. on a dry matter basis and 
commonly below 3 p.p.m., whereas in 
Britain it occurs irrespective of copper 
content and is prevalent in Derbyshire at 
levels of 7 to 15 p.p.m. or more. It would 
seem that there is another factor which 
either depresses the availability of the 
copper in the plant, or in some way 
interferes with copper metabolism in the 
animal. 

Although it has been found that a high 
molybdenum intake may induce a con- 
ditioned copper deficiency (see later) 
molybdenum has not been incriminated 
so far in outbreaks of swayback. 

Cattle—The clinical and pathological 
features of copper deficiency in the bovine 
are entirely different from those observed 
in sheep. No disorder of the central 
nervous system is found as in the case of 
lambs, and the copper deficiency syn- 
drome affects calves more readily than 
cows though in other areas adult animals 
may be considerably affected. The first 
symptoms usually appear about a month 
after turning out to grass. The calves 
show a stilted gait, fragility of bone is 
sometimes found, progressive signs of mal- 
nutrition follow and the coat becomes 
rough, dull and discoloured. In some 
cases there is a definite change of colour 
around the eyes to grey so that the calves 
have a definite ‘ spectacled ’ appearance. 
Diarrhoea is not a constant feature but 
may occur in certain areas. Anaemia has 
not been found in the U.K. About 20 to 
25 per cent. of the calf population grazing 
the affected areas may suffer. There is 
no question of this pining being associated 
with lack of food. 

On the basis of low blood copper values 
the calves in such areas have been treated 
with copper sulphate. If given at monthly 
intervals throughout the grazing season the 
best live-weight gains were obtained even 
though the pasture was not apparently 
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deficient in copper. Copper sulphate ad- 
ministered during the last five months of 


‘pregnancy prevented pining in the calves 


born, but the weight gains were not as good 
nor were the blood copper levels above 
normal. 

Copper pining of calves and swayback 
in sheep are not always found coexisting 
in a given area. This may indicate either 
that the causative factors are operative or 
may merely be a reflection of differences 
in nutritional management of calf and 
sheep flocks. 


Copper molybdenum relationships 


It is fairly well established that a pro- 
longed high molybdenum intake reduces 
liver copper storage and blood copper 
levels. 

Cattle in the ‘ teart’’ area in Somerset, 
on pastures of normal and moderately high 
molybdenum content, have also been 
found to have low blood and liver copper 
values and to show clinical conditions with 
hypocuprosis. Calves in Caithness pine 
as rapidly and severely on pastures of 3 to 
7 p.p.m. molybdenum and administration 
of additional molybdenum does not in- 
crease the loss of condition on ‘ affected ’ 
farms. Further reference to molybdenum 
will be made later. 


Herbage studies 

At the Rowett Institute, Mills (1955, 
1956a, b) has investigated the nature of 
the copper compounds of herbage and is 
studying the copper metabolism of animals 
maintained under carefully controlled 
laboratory conditions. The object of this 
work is to study the nature of the copper 
compounds ingested by the animal and 
then to investigate the fate of these 
compounds during digestion. Once the 
nature of these changes has been estab- 
lished these studies will be extended to 
investigate the character of the metabolic 
disturbances which can result in a ‘ con- 
ditioned ’ copper deficiency of the animal 
on an apparently adequate copper intake. 

Studies so far have indicated that the 
greater part of the copper in herbage is in 
the form of stable organic complexes 
which do not readily liberate copper as 
the free ion. Radioactive copper is being 
used to study the breakdown of these com- 
plexes in the digestive tract. 


Trace Elements 


Biological trials with the copper-de- 
ficient rat have been designed to compare 
the physiological utilisation of copper 
from freeze-dried ‘ normal’ herbage and 
similarly treated herbage from areas where 
the conditioned copper deficiency disorder 
of sheep known as ‘ swayback ’ is common. 
So far no great differences in copper up- 
take have been demonstrated. This may 
be due to the fact that a synthetic basal 
diet had to be fed to the animals on these 
trials together with the herbage samples 
under test. It is considered possible that 
a dietary factor needed for the efficient 
utilisation of copper was provided by this 
synthetic basal diet. Thus, even if such 
a factor was lacking in the samples of 
‘swayback’ herbage examined, treat- 
ment differences due to the herbage 
samples would be effectively masked. 
This possibility is being investigated. 


Treatment 

While there are perhaps a few areas in 
the U.K. where there is a simple copper 
deficiency and where it might be said that 
a copper content below 4 p.p.m. dry 
matter leads to signs of copper deficiency 
in ruminants, copper pining in cattle and 
swayback in sheep are frequently associ- 
ated with herbage of even normal or high 
copper content, and it is necessary to re- 
member that copper deficiency results in 
Derbyshire where the herbage contains as 
much as 20 p.p.m. copper. 

In these areas attempts to control the 
deficiency by top-dressing pastures with 
copper have given poor results. 

In New Zealand, on the other hand, 
uncomplicated copper deficiency can be 
completely prevented in lambs by either 
top-dressing the deficient soil (frequently 
peat-pastures) with 5 to 10 lb. copper 
sulphate per acre before lambing season 
begins or by frequent drenching. Usually 
in Britain copper is given to the animals 
as a drench of 10 ml. copper solution con- 
taining 0:5 g. copper sulphate at fort- 
nightly intervals. It is thought by some 
that the daily allowance for pregnant ewes 
of 5 mg. per diem is sufficient. The use 
of salt licks containing 0-5 per cent. of 
copper sulphate giving about 10 mg. 
copper per sheep per day has also been 
recommended. Under practical condi- 
tions it is rarely found that less frequent 
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dosing givessufficiently goodcontrol. The 
greatest practical difficulty in controlling 
the disease lies in bringing pregnant ewes 
down from the hills every two weeks. 
Anti-‘ teart ’ cake of 10 lb. copper sulphate 
per ton can be used for cattle. 


Appetite stimulation by the use of copper salts 


One interesting aspect of the use of trace 
minerals is the stimulation in growth in 
young pigs by high levels of copper sul- 
phate in the diet. Mitchell (1953) re- 
ported that young pigs, while sucking, 
preferred a creep meal containing about 
0-05 per cent. copper sulphate to one 
without supplementary copper, and Barber 
Braude, Mitchell & Cassidy (1955) showed 
that when 0-1 per cent. copper sulphate 
was included in the ration for weanling 
pigs there was a 5 per cent. increase in 
growth and 6 per cent. improvement in 
food conversion efficiency over the con- 
trols during the first eight weeks of the 
experiment—although the differences did 
not reach statistical significance. During 
the last ten weeks of the experiment pigs 
fed the high copper diet grew 1 per cent. 
more slowly and 4 per cent. less efficiently 
than the controls. We have been inter- 
ested in this problem at the Rowett Insti- 
tute. Although 0-1 per cent. copper 
sulphate in the diet stimulated rate and 
efficiency of growth before 100 Ib. live- 
weight, pigs on this diet grew rather more 
slowly than the controls between 100 and 
200 lb. When procaine penicillin was in- 
cluded as well as the copper sulphate the 
response was even more marked before 
100 Ib., but again growth was rather 
slower than on the control ration there- 
after. My colleague, Mr. I. A. M. Lucas, 
and his associates are continuing work on 
this problem. 


MOLYBDENUM 
Soil-plant relationships 


Molybdenum is most plentiful in soils 
derived from argillaceous deposits. In 
certain Lias clays in Somerset more than 
200 p.p.m. may occur in the soil, whereas 
the normal is 0-2 to 5 p.p.m. Most New 
Zealand soils are deficient in molyb- 
denum, but so far there is no instance of a 
herbage in the U.K. responding to molyb- 
denum. The normal molybdenum con- 


tent of herbage in the U.K. is 0:5-1°5 


p-p.m. dry matter so there is normally ten 
times the deficiency level. Animal dis- 
orders arise not from deficiency but from 
excess and appear to be related to copper 
and sulphur metabolism. 


Molybdenum metabolism 


Molybdenum occurs in traces in all 
animal and plant tissues. It performs an 
essential function in higher plants and in 
certain micro-organisms and is essential 
for the activation of the enzyme xanthine 
oxidase in mammals. That molybdenum 
has a profound influence on ruminants is 
demonstrated by the excessive scouring 
and symptoms of copper deficiency which 
arise in cattle and sheep confined to 
pastures which contain relatively large 
quantities of molybdenum or where the 
molybdenum is rendered more available. 
Walsh and O’Moore (1953) consider that 
molybdenum in moderate excess may 
render foals more liable to osteodys- 
trophic conditions. 


Effects of excessive ingestion of molybdenum by 
cattle 


In Central Somerset, Ferguson, Lewis 
& Watson (1938) found a considerable 
area of pasture, probably at least 20,000 
acres, which causes scouring in grazing 
cattle. Smaller areas have also been 
found in South Somerset, Gloucester- 
shire, Warwickshire and Lincolnshire, and 
also in Eire. Such land is known in 
Somerset as ‘ teart ’ or tart, and the scour- 
ing which occurs mainly during the 
periods of flush growth in spring and late 
summer has been known for over 100 
years. Sheep are less affected and horses 
not at all. 

Where the soils are acid or slightly acid 
in reaction, the molybdenum in the soil is 
only absorbed with difficulty by pasture 
plants, but on these neutral or alkaline 
soils absorption of molybdenum by pas- 
ture plants, particularly clovers, is rapid. 
The addition of an acidic substance to 
‘teart’ soils reduces the uptake of molyb- 
denum by the herbage and so reduces its 
teartness. 

Only ruminants, particularly cows in 
milk and young stock, are affected by such 
pasture ; strong fattening stock, though 
they may not scour badly are usually un- 
thrifty and do not grow well. Scouring 
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may even occur within 24 hours of putting 
the animals to grass in the pasture. The 
dung then becomes very loose and watery, 
is yellow-green in colour and bubbly, and 
has a foul smell. The animals soon be- 
come filthy, their coats stare ; Red Devon 
cattle turn a dirty yellow, black beasts go 
rusty in colour. If left too long, the 
beasts may die or suffer permanent injury. 
When the animals are removed to a non- 
*teart ’ pasture the scouring soon ceases. 

The observation that the diarrhoea, 
consequent emaciation and depigmenta- 
tion of the hair are closely correlated with 
the molybdenum content of the pastures, 
which range from the very high levels of 20 
to 100 p.p.m. molybdenum on a dry matter 
basis (non-‘ teart’ pastures not more than 
5 p.p.m.), and that symptoms of a similar 
nature could be induced in stalled cattle 
by administration of relatively large doses 
of sodium molybdate, indicated that ex- 
cessive ingestion of molybdenum was the 
cause of the malady. 

The work of Brouwer eé¢ al. (1938) in the 
Netherlands suggested to Ferguson and 
his colleagues that a deficiency of copper 
might be an operative factor in ‘ teart 
scours.’ Ferguson and his group ex- 
amined the copper content of ‘teart ’ and 
non-‘ teart ’’ herbage but found no differ- 
ence. They then tested out the effects of 
giving small quantities of copper sulphate 
and it appeared that a daily dose of 2 g. 
copper sulphate was effective in stopping 
the scouring of dairy cows. In practice 
the administration of copper sulphate 
should not be necessary for more than 
6 weeks and it is unlikely to cause any 
physiological disturbance. Ferguson has 
recently reported that one intravenous 
dose of 300 mg. copper as copper sulphate 
in isotonic solution controls scouring in 
adult cattle for 2 to 4 weeks. Half that 
quantity is sufficient for yearling animals. 
Intravenous injection of copper salts is 
reported to be just as effective. 


Copper molybdenum relationships 


In New Zealand a ‘ teart ’-like condi- 
tion which affects cattle grazing on land 
reclaimed from ‘peat swamps has been 
described by Cunningham and his col- 
leagues and is associated with relatively 
high concentrations of molybdenum and 
‘normal ’ concentrations of copper in the 
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pastures. The animals become depleted 
of copper and develop the syndrome of 
induced copper deficiency. From Florida 
and California come reports of a similar 
nature. 

It would seem that ‘teart’ is an ex- 
treme manifestation of an induced copper 
deficiency, but it is to be noted that an 
excessive ingestion of molybdenum is not 
invariably the prime aetiological factor in 
the induced copper deficiency syndrome. 
While there seems to be no doubt that the 
copper reserves in the livers of sheep and 
cattle may be depleted by dosing the 
animals with molybdate, there is also no 
doubt that sheep may ingest considerable 
amounts of molybdate without evincing 
any sign of deficiency symptoms, although 
the copper concentration in their livers 
may become materially reduced. The 
finding of Dick (1953a, b) that an increase 
in dietary sulphate also increases the rate 
of copper depletion even with small quan- 
tities of molybdenum in the diet is 
accordingly of interest. 


ZINC 


Zinc is essential for growth and well- 
being of higher forms of animal life. It 
also constitutes the prosthetic group of the 
enzyme carbonic anhydrase. Zinc is also 
found in highly purified preparations of 
other enzymes, viz. uricase, kidney phos- 
phatase. It is difficult to imagine that 
zinc deficiency would ever arise in grazing 
animals because most forages lie within 
30-100 p.p.m. zinc on dry matter basis. It 
is worthy of note that in zinc deficiency in 
rats an extreme thickening of the oeso- 
phagus and thickening of the skin are 
found. Injection of the cornea with blood 
vessels occurs with infiltration of white 
cells from the blood. It is therefore very 
interesting to find a condition called para- 
keratosis (a scaly or elephant-like skin) 
occurring in pigs and to note that a chance 
finding in the U.S.A. points to the bene- 
ficial effects of zinc as sulphate or car- 
bonate. It is not clear how far this effect 
may possibly be related to excess calcium 
carbonate in the diet inducing a condi- 
tioned deficiency. Bray at Wisconsin 
demonstrated to the author pigs which 
had developed parakeratosis feeding on a 
diet of maize, alfalfa, limestone and 
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aureomycin. This could be prevented by 
giving zinc as zinc sulphate at 50 p.p.m. 
even though the basal diet had already 
35 p.p.m. Too much zinc can be toxic, 
but swine can tolerate 1000 p.p.m. (Kul- 
wich et al., 1953). 


Kine and copper metabolism 


Following the observations of Sutton & 
Nelson (1938) that excessive dietary zinc 
caused an anaemia in rats, Smith & 
Larson (1946) found that this effect could 
be overcome by supplementing the diet 
with added quantities of copper sulphate. 
This zinc-copper interrelationship sug- 
gested to van Reen (1953) an investigation 
of the effects of excessive dietary zinc 
(500-700 mg. per cent. zinc) on various 
enzymes in the liver of rats. He found an 
impairment of the enzymes catalase and 
cytochrome oxidase. Supplementation of 
the zinc toxic diet with small quantities of 
copper sulphate resulted in liver catalase 
and cytochrome oxidase activities of a 
magnitude equal to the controls, but the 
copper did not correct the growth inhibi- 
tion produced by the zinc. 


MANGANESE 
Soil-plant relationships 


There is evidence of manganese de- 
ficiency—shown, for example, by grey 
specks in oats—in a number of our soils. 
The uptake of manganese by the plant is 
related to soil acidity and soil organic 
matter. On soils intrinsically low in 
manganese liming to a pH approaching 
7 should be avoided. The deficiency 
level according to Mitchell (1954-5) lies 
somewhere below 20 p.p.m. 

Disorders in grazing animals occasioned 
purely by manganese deficiency have not 
been established. Depression of growth 
is caused by excess manganese. 


Manganese in avian nutrition 


The réle of manganese in avian nutri- 
tion has been ably reviewed by Under- 
wood (1953). The evidence that man- 
ganese is required by poultry was first 
reported by Wilgus, Norris & Heuser 
(1936) from the study of a means of pre- 
vention of perosis, a leg disorder of birds 
characterised by gross enlargement and 
malformation of the tibiometatarsal joint 
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with displacement (‘slipping’) of » the 
gastrocnemius or Achilles tendon from 
its condyles. It was later shown that the 
condition known as nutritional chondro- 
dystrophy, characterised by the develop- 
ment of a high proportion of deformed 
embryos with thick shortened legs and 
wings and globular heads, was also due to 
manganese deficiency in the diet of the 
hens (Lyons & Insko, 1937). This results 
in the production of eggs containing in- 
sufficient manganese to allow normal 
hatchability and development of the em- 
bryo. Feeding additional manganese to 
the hen or injection of 0-03 mg. mangan- 
ese directly into the eggs restores hatch- 
ability to normal and completely prevents 
the chondrodystrophy. Manganese de- 
ficiency in poultry results also in nervous 
symptoms (ataxia), inferior growth of 
chicks, failure to maintain body weight of 
mature birds, lowered egg production, 
decreased hatchability, reduced egg-shell 
breaking strength and egg-shell ash, and 
lower concentrations of manganese in the 
egg, embryo, bones and liver (Wilgus, 
Norris & Heuser, 1939). The physio- 
logical mechanisms involved in_ these 
conditions, apart from bone formation 
remain largely obscure. 

xcess calcium and phosphorus in the 
diet increase the manganese requirement 
of birds by affecting its availability through 
a reduction in soluble manganese by ad- 
sorption on solid mineral (Schaible & 
Bandemer, 1942 ; Wilgus & Patton, 1939). 
Such adsorption of manganese by carbon- 
ates and phosphates, particularly the 
latter, have been shown on in vitro studies 
at acid reactions similar to those in the 
absorptive areas of the intestine (Schaible 
& Bandemer, 1942; Wilgus & Patton, 
1939). 

The very high requirement of birds for 
manganese, compared with that of mam- 
mals, even under the most favourable 
dietary conditions, is undoubtedly due in 
part to lower absorption from the gut. 
Injection of manganese in quantities 
equivalent to 6 to 10 p.p.m. of the diet is 
completely effective in preventing perosis. 
Four to five times these quantities 
are needed in diets containing ordinary 
levels of calcium, phosphorus, and iron 
(Wiese, Johnson, Elvehjem & Hart, 1938 ; 
Schaible, Bandemer: & Davidson, 1938 ; 
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Wilgus & Patton, 1939). It appears, 
therefore, that only 20 to 25 per cent. of 
the manganese in the diet is ordinarily 
available. Poor absorption of ingested 
manganese and practically complete elim- 
ination through the faeces has been de- 
monstrated in chicks in studies utilising 
radio-active manganese (Mohamed & 
Greenberg, 1943). It is doubtful, how- 
ever, if low absorption accounts for all the 
difference between birds and mammals 
in manganese requirement. It seems highly 
likely that the former species have also a 
greater requirement for absorbed man- 
ganese. It is significant in this respect 
that abnormal bone development is a 
much more prominent symptom of man- 
ganese deficiency in the chick than in the 
mammal, although in both cases the re- 
tardation of bone development is associ- 
ated with a reduced level of phosphatase 
activity. 


Manganese and other animals 


Manganese seems also to be bound up 
with bone formation in other classes of 
animals and deficiency of it has produced 
a form of rickets in pigs noted in Norway 
by Standstedt & Carlquist (1951). Grass 
meal is rich in manganese and if included 
in non-ruminant rations the manganese 
needs are amply covered. 

Manganese deficiency under natural 
conditions has never been recorded in 
grazing sheep, cattle or horses and indeed 
is unlikely as most pasture has 50-150 
p.p.m. manganese on a dry matter basis. 

The natural forest pastures of Scandi- 
navia and Finland have a high manganese 
content in their cultivated soils and a dis- 
order in horses called ‘ forage anaemia ’ 
has been attributed to an excess of man- 
ganese. 

Quantitative requirements for farm 
stock are 30-50 p.p.m. of feed for starting 
chicks though some advise 50-100, and 
30-60 p.p.m. for breeding hens. The 
needs for pigs are much lower and prob- 
ably this is true for other farm animals. 
The critical level for growing pigs is be- 
tween 12 and 20 p.p.m. The needs of 
dairy cattle are covered by 20-70 p.p.m. 


IopINE 


The iodine content of the soil is gener- 
ally reflected in the iodine content of the 
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crops grown. Although not an essential 
element for the plant, fertilising with 
Chilean sodium nitrate—the only fertiliser 
containing a relatively high proportion of 
iodine as a natural constituent—doubles 
or trebles the iodine content of the crops. 

Animals absorb the iodides of sodium 
and potassium with extreme rapidity 
when taken by mouth. Iodine may also 
be absorbed from the skin and lungs. 
Crude salt containing traces of iodine has 
been used for a long time and at present 
use of it or iodised salt is general by raisers 
of livestock in iodine-deficient regions. 

The use of iodides in the feed of the 
pregnant sow can alleviate and prevent the 
hairless malady which has been shown to 
be due to low iodine assimilation. 


Iodine requirements 

Although iodine is required throughout 
life to keep the thyroid functioning, we do 
not have specific knowledge of the mini- 
mum iodine requirements. The needs of 
farm stock are certainly greatest during 
reproduction. Iodine over and above 
requirement has no additional value and 
if administered in excess iodism will result. 

The N.R.C. allowances for pigs are 
0-2 mg. per 100 lb. body weight. For 
poultry the allowances are as follows : 
starting chicks, 0-5 mg. ; growing chicks, 
0-3 mg.; laying hens, 0-3 mg.; and 
breeding hens 0-5 mg. 

For dairy cows 1-4 to 5 mg. per day 
seem adequate. It is useful to note that 
salt consumption by individual animals 
varies enormously ; an average value is 
probably 15} lb. per year for indoor-fed 
dairy cows in addition to what has been 
added to their concentrates. If this were 
iodised with potassium iodide at a rate of 
0-05 per cent. this would provide approxi- 
mately 1-5 mg. of iodine per day. 


The author wishes to express his grati- 
tude to Dr. C. F. Mills, Dr. B. O’Moore, 
Mr. J. B. E. Paterson and Mr. P. L. 
Shanks for the information they provided. 
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INDUSTRIAL FLUOROSIS IN FARM ANIMALS! 
by 
Dr. Ruth Allcroft 


WHEN too much of certain elements is 
present in or on feeding-stuffs, harmful 
effects, often severe, can occur. The 
margin of safety regarding excess of some 
of the trace elements is fairly wide, but 
we now know that even slight excesses of 
certain ones can interfere with the utilisa- 
tion and storage of others. For example, 
Australian workers have shown that a 
slight excess of molybdenum in relation to 
copper, even when the copper intake ap- 
pears adequate, can cause a severe de- 
ficiency in sheep if the inorganic sulphate 
content of the diet is also high. When 
there is a still greater amount of molyb- 
denum in the diet a condition of molyb- 
denum toxicosis or poisoning can occur 
in the bovine even before a copper 
deficiency has developed. 

Other examples of trace element poison- 
ing are selenosis and fluorosis. The first 
occurs as a result of animals eating 
herbage which can accumulate quantities 
of selenium from soils which are rich in 
this element. The second, fluorosis, is a 
condition of chronic intoxication brought 
about either by drinking water with a high 
fluorine content or by eating herbage con- 
taminated externally by fluorine compounds, 
and is not the result of excessive uptake of 
fluorine by plants from the soil. 

Toxic effects resulting from ingestion of 
amounts of fluorine above certain moder- 
ate levels are proportional to the solubility 
of the fluorine compound, the concentra- 
tion in the total feed, and the length of time 
over which an abnormal intake occurs. 


1 This paper was illustrated by a film. 
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Acute fluorine poisoning followed by 
death in a few days as a result of accidental 
ingestion of large doses of soluble fluorine 
compounds, is not of frequent occurrence 
and will not be discussed here. It is the 
effects of long-continued ingestion of 
small amounts either in foodstuffs or 
drinking water which present the prob- 
lems of economic importance. The term 
‘ fluorosis ’ is used to indicate this condi- 
tion rather than the term ‘ fluorine poison- 
ing ’ which implies the acute condition. 

Compounds of fluorine are very widely, 
though not abundantly, distributed in 
rocks, soils, waters, especially thermal 
waters and vapours, and in minerals such 
as cryolite, fluorspar and in combination 
with silicates, but particularly in associa- 
tion with phosphorus as fluorapatite ; 
hence the fluorine content of phosphate 
rock is often high and it must be de- 
fluorinated before being used for mineral 
supplements for stock. 


SoIzs 


The fluorine content of soils is variable, 
ranging from about 50 to 500 p.p.m. 

The figures for coal are as variable as 
those for soil, but shales are usually much 
higher in fluorine than coals and therefore 
use of coal containing a high proportion 
of shale will provide greater emission of 
fluorine compounds than use of good 
quality coal. 


WATER 


Fluorides are a common naturally 
occurring constituent of most waters in- 
cluding sea-water and rain-water: the 
amount in rain-water obviously depends 
on pollution of the atmosphere with 
fluorine-containing gases and dusts. The 
concentration in waters reported from 
different areas of the world generally 
varies from a trace to about 15 p.p.m. 
Published values for Great Britain show 
a range of a trace to about 6 p.p.m. but 
few contain more than | p.p.m. Con- 
centrations of 1-5 to 2 p.p.m. have been 
associated with mild mottling (white 
flecks) of the teeth of children and as the 
concentration increases, effects become 
progressively more marked. It was the 
appearance of the severe grades of mottling 
in which brown staining and marked 
structural defects occur that originally 
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gave rise to the term ‘mottled enamel.’ 1 
Available information suggests that cattle 
and sheep are less susceptible than human 
beings to the effects of fluorine and will 
not develop mottled teeth unless their 
drinking water contains about 4 to 
6 p.p.m. 


PLANTS 


Although fluorine is a normal minor 
element in plant and animal tissues there 
is no clear evidence that it is an essential 
micro-nutrient for either. It is generally 
accepted that the fluorine content of most 
plants, with the exception of the roots, is 
not readily affected by the amount of 
fluorine in the soil in which they grow. 
There seem to be a few exceptions to this, 
notably the tea plant and the camellia ; 
figures for the former have been reported 
up to 150 p.p.m. and for the latter up to 
2,000 p.p.m. 


ANIMAL TISSUES 


Highest concentrations are found in 
bones and teeth, normal values being of 
the order of several hundred parts per 
million when expressed on the bone ash 
or mineral matter. The common normal 
range for cattle and sheep is from 100 to 
800 p.p.m. with an average of about 
600 p.p.m. depending on the fluorine 
content of the foods and water consumed. 
Bones of marine animals appear to have 
a considerably higher fluorine content 
than land animals. The normal fluorine 
content of the soft tissues in man and 
animals is fairly low and is reported as 
varying from 2 to 24 p.p.m. ona dry matter 
basis. It may be of interest to mention 
that after boiling a bovine bone particu- 
larly high in fluorine (about 20,000 p.p.m.) 
for about 48 hours in water as in the pre- 
paration of soup stock, the resulting stock 
contained less than 1 p.p.m. This was 
done for information for the Ministry of 
Food to show that soup made from bones 
containing a higher-than-normal fluorine 
content would not be harmful. 


Sources OF CONTAMINATION 


Spontaneous fluorosis can and does 
occur in many parts of the world as a 
result of the high fluorine content of rock 


1 Min. Hith Rep. 1953. 
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phosphate deposits, volcanic soils and 
water supplies. These sources, however, 
are not a potential danger in this country. 
The chief hazard to livestock here is of 
industrial origin and arises from the 
emission of fluorine-containing gases and 
dusts from industrial plants. If the den- 
sity of our industrial areas is considered 
in relation to the relatively small area of 
the whole country, it can readily be under- 
stood that of necessity, a considerable 
amount of agricultural land must be ad- 
jacent to industrial plants. The total 
economic loss due to fluorosis in livestock 
is not great when considered in relation to 
that caused by some of the major trans- 
missible diseases, but it is a matter of 
serious concern to certain farmers and is 
sufficiently widespread to merit attention 
in the national interest. 

It has been stated that at least twenty- 
eight industrial occupations have been 
associated with fluorine hazards, but some 
of these are within towns and do not 
concern farm stock unless the factories are 
within a few miles of farmland on to which 
gaseous and particulate matter containing 
fluorine compounds can be carried by 
wind and mist to contaminate pasture. 

Of the industries affecting local agricul- 
ture those which have been investigated 
include : (1) production of aluminium by 
the electrolytic reduction of alumina, 
where the source of fluorine is the cryolite 
used as a flux ; (2) brickworks, where the 
source is usually the local clay, although 
coal is sometimes a contributory factor ; 
(3) glass, enamel and certain colour works 
where fluorine compounds are often added 
to the raw material to facilitate melting 
and to give the finished products certain 
properties ; (4) the calcining of ironstone 
where the source is mainly the fluorine- 
rich ore itself, but the coal (about 7 per 
cent.) with which it is mixed for burning 
often contains appreciable quantities of 
fluorine ; (5) steel and metal works when 
the method of production involves the use 
of large amounts of fluorspar as a flux ; 
(6) collieries which may use 6 to 8 per 
cent. of their output for operating the 
mines themselves ; the fuel used for this 
purpose is usually a low-grade coal con- 
taining fluorine-rich shale; (7) power 
stations consuming large quantities of 
pulverised low-grade coal high in fluorine ; 
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(8) potteries, where the sources are the 
clay and other materials used in manu- 
facture, and the coal used for heating 
those ovens which are not fired by other 
means. 

The degree of contamination of herbage 
on farms in the vicinity of these industries 
will, of course, depend on various factors, 
the more important of which are the 
fluorine content of the materials used, the 
direction of the prevailing wind and the 
topography of the area. 


EFFECTS 


The animals chiefly affected by fluorosis 
are cattle. Present evidence suggests that 
the order of susceptibility of farm animals 
is calves, dairy cows, other bovines, sheep, 
pigs, horses and poultry, but this order 
may be revised when it has been possible to 
carry out comparative tests on a known 
and comparable body-weight intake. 
Other factors, such as methods of manage- 
ment may also affect this order. For ex- 
ample, symptoms of fluorosis are not 
usually found in pigs on affected farms 
because pigs are usually housed for a 
considerable part of their lives and fed on 
uncontaminated concentrates, and on 
root crops which do not take up fluorine 
from the soil. 

It is perhaps because of the increased 
use of home-grown feeding stuffs over the 
last fifteen years that the problem of 
fluorosis has become more evident, but 
the expansion of industry over the same 
period must also be taken into account. 


SYMPTOMS 


The chief clinical sign in severely 
affected cattle is lameness and it is this 
which usually focuses attention on the 
possibility of fluorosis and leads to a closer 
investigation of the herd. Loss of condi- 
tion and loss of milk yield are usually 
associated with the lameness. Fore and 
hind legs are often affected equally or it 
may be a ‘ moving’ lameness, exhibited 
first in one leg and then in another. As 
may be expected, marked skeletal ab- 
normalities are usually associated with the 
lameness. Bones are enlarged and well- 
defined exostoses are frequently present ; 
their specific gravity is reduced and their 
fragility increased. The fluorine content 
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of the bones gradually increases depending 
on the length of time and severity of ex- 
posure to contaminated feeding-stuffs. 
Normal fluorine values for bones of cattle 
and sheep range commonly from 100 to 
800 p.p.m. expressed on bone ash with an 
average of about 600 p.p.m. Values of 
2,000-4,000 indicate absorption of ab- 
normal amounts of fluorine, but values of 
10,000 to 20,000 p.p.m. have frequently 
been found in severely affected animals. 
Dental abnormalities are usually the 
first indication of incipient fluorosis. 
These changes are found chiefly in cattle 
reared on affected farms or brought on 
to the farms when young, and are re- 
stricted almost entirely to the permanent 
teeth; this is because the enamel is 
affected during the development of the 
tooth, usually about six to twelve months 
before eruption. Amounts of fluorine in- 
sufficient to cause other symptoms can 
cause dental lesions. The teeth lesions 
comprise loss of lustre, pitting and deposi- 
tion of a dark pigmentary substance in 
parts of the defective enamel, the severity 
depending on the degree of fluorosis of the 
animal. There may also be excessive 


and irregular wear of both incisors and 


molars. 

Dental lesions are a very useful aid to 
diagnosis, but one of the principal methods 
of assessing fluorosis in living animals, 
especially in subclinical cases, is estima- 
tion of the fluorine content of the urine. 
The normal concentration of fluorine in 
the urine of cattle ranges from 2 to 
6 p.p.m. at a specific gravity of 1-030; 
in cases of fluorosis, urinary values can be 
elevated to many times the normal range. 

Because the animal does its own samp- 
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ling, urine samples are of more value for 
diagnostic purposes than either herbage 
or soil samples. 


ConTROL 


Two obvious approaches to the problem 
of industrial fluorosis are (1) the fitting of 
appliances for trapping the gaseous and 
particulate matter containing fluorine 
compounds and thereby preventing atmo- 
spheric pollution; (2) by farming with 
the fluorine hazard in view. Examples of 
the latter are: limiting grazing to short 
periods of time by increasing the amount 
of imported feeding stuffs ; keeping flying 
herds ; keeping pigs and poultry instead 
of cattle and sheep ; or using the land for 
production of crops only. 

Reduction of emission can be achieved 
to some extent in some industries, but in 
others the practical difficulties and the 
cost would probably be so great, it is un- 
likely that efficient devices could be 
installed. 

The second method of control, namely, 
changing the type of farming, may appear 
the better solution in some cases. In 
others, however, where a large number of 
small dairy farms are affected with a 
moderate degree of contamination, suffi- 
cient to reduce productivity, but not 
severe enough to make dairy farming im- 
possible, a change may not always be in 
the best interests of agricultural produc- 
tion. For this reason the Ministry of 
Agriculture is at present exploring methods 
of mitigating the effects of fluorosis in 
dairy cattle, and at the same time, is 
carrying out a survey of herds in industrial 
areas to get some information on the 
degree and extent of this industrial hazard. 
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MAN’S INFLUENCE ON THE WEATHER’ 
by 
B. J. MASON 


INTRODUCTION 


THE weather plays such a vital part in 
human life and affairs that the possibility 
of controlling it has exercised man’s 
ingenuity since the dawn of history. 
Primitive man, attributing the vagaries of 
the weather to the humour of his gods, 
solicited changes of mood by prayer and 
sacrifice. But with the growth of scientific 
knowledge it was inevitable that man, in 
response to economic pressure, would 
attempt to exert a more direct influence. 
There are, however, enormous difficulties, 
not the least of which is our lack of under- 
standing of the natural behaviour of the 
atmosphere. Although it has been 
fashionable, from time to time, to attribute 
abnormal spells of weather to man-made 
disturbances (gunfire, wireless, aircraft, 
hydrogen bombs, etc.!), the fact is that we 
are still very far from being able to exert 
any real degree of control over the 
atmospheric machine. It is true that, in 
recent years, we have had some minor 
successes to which I shall refer later, but 
their significance has often been exagger- 
ated. The more spectacular claims should 
be treated with considerable reserve. In 
meteorology, the discovery of an appar- 
ently high correlation between two sets of 
data is by no means proof of a causal 
connection, for the atmosphere does not 
behave as a controlled laboratory experi- 
ment in which most of the parameters are 
fixed and the remainder varied in a con- 
trolled manner such that one can hope to 
find direct relationships between them. 
We have, in fact, to deal with a system of 
continuously varying parameters which 
interact in a most complex manner. 
Herein lies the main barrier both to a 
complete description and understanding of 
atmospheric behaviour and to the fore- 
casting and control of weather. 

1 Based on a public lecture given in the Colston 
Hall, Bristol, during the British Association 
Meeting, September 1-7, 1955. 


Because of this immense complexity and 
variability of meteorological events and 
our incomplete understanding of the 
physical processes, it is not possible to 
state with absolute certainty the eventual 
consequences of artificial stimuli on the 
weather. Any _ prediction, like the 
weather forecast, has to be expressed in 
terms of probabilities, but this does not 
mean that one guess is as good as another. 
Sufficient is known about the magnitude 
and time-scale of atmospheric processes to 
allow of critical assessment. 

For instance, the possibility of seriously 
disturbing a large region of the atmo- 
sphere by the indiscriminate use of brute 
force almost vanishes when one recalls 
that the atmospheric engine is driven by 
radiant energy from the sun which, when 
averaged over all latitudes and over day 
and night, is equivalent to the explosion 
of one hydrogen bomb every second. Even 
a modest thunderstorm releases about as 
much energy as ten atom bombs, while that 
dissipated in a typical hurricane would be 
equivalent to several hundred hydrogen 
bombs. And when we consider larger 
meteorological disturbances such as depres- 
sions, the amounts of kinetic energy 
involved are colossal as something like a 
billion tons of air have to be removed to 
provide for the fall of pressure. 

It seems, then, highly unlikely that we 
can hope to influence the behaviour of 
the atmosphere (except very locally) by 
pitting the energies at our disposal against 
the tremendous natural forces. An attack, 
if it is to stand any chance of success, must 
be aimed at probing the weak spots in 
nature’s defences rather than conceived as 
a direct frontal assault. 


WORKING OF THE ATMOSPHERIC MACHINE 


The points in the atmospheric cycle at 
which man might successfully intervene 
will not be fully revealed until we obtain a 
much more complete description of the 


498 


oe 
mat 
mec 
ope 
stoc 
2 rad 
| this 
tro) 
of 
3 me 
tro] 
9) 
|| 


machine and a deeper understanding of its 
mechanism, The general principles of its 
operation are, however, fairly well under- 
stood. 

The atmosphere’s source of energy is the 
radiation from the sun. What happens to 
this radiant energy as it passes through the 
troposphere containing an average amount 
of cloud is shown in Fig. 1. Of the 
mean flux of solar energy arriving at the 
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0-5 cal./cm.?/min., about 35 per cent. is 
reflected back to space by clouds, the 
atmospheric constituents and the earth’s 
surface, and 65 per cent. is absorbed by 
the atmosphere (15 per cent.) and by the 
earth (50 per cent.). That absorbed by 
the earth, which includes both direct solar 
radiation, and that scattered downwards 
by the atmospheric constituents and by 
clouds, is either re-radiated as long-wave 
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water from the earth’s surface, or is carried 
up as sensible heat by convection and by 
weather systems. Some of the energy 
absorbed by the atmosphere is converted 
into the kinetic energy of the winds, which 
in turn is converted back again into heat 
by friction occurring mainly at the earth’s 
surface. 

Since the atmosphere as a whole is 
neither warming nor cooling, the quantity 
of heat radiated to space as long-wave 
radiation must be balanced by the in- 
coming radiation from the sun. But if we 
calculate the heat budget for different 
latitudes we find that, between the 
equator and 40°, the outgoing radiation is 
less than the incoming, while in higher 
latitudes, the reverse is the case. Thus the 
tropics and subtropics may be regarded as 
sources of heat and poles as heat sinks ; 
and since the average temperatures of the 
tropics and poles are not changing, heat 
must be continually transferred from the 
equator polewards. It can also be shown 
that the heat sink must be at a lower 
pressure (greater height) than the heat 
source, which requires the heat to be 
transferred upwards as well as polewards. 

The temperature difference between the 
equator and poles is maintained at higher 
levels and associated with this is a pressure 
difference which increases with height. 
This pressure gradient, together with the 
rotation of the earth, gives rise to a global 
belt of westerly winds, the strength of 
which increases with height up to the 
tropopause, but falls off again in the 
stratosphere. However, such a system is 
dynamically unstable for disturbances of the 
order of 1,000 km. or more in horizontal 
extent, so that if the flow is perturbed, this 
circumpolar vortex breaks down into a 
series of disturbances (depressions) each 
about 1,000 km. across. The air in these 
depressions moves from low levels and low 
latitudes upwards and polewards along 
gently sloping surfaces, while air from the 
upper levels moves downwards and 
equatorwards. Thus the heat is trans- 
ported in the directions required by the 
radiation balance of the atmosphere. It is 
the upward vertical air currents in these 
large cyclones which give rise to the 
extensive belts of cloud and rain which are 
the main characteristics of weather. 

We see, therefore, that the radiation 


field determines the large-scale features and 
the average intensity of the atmospheric 
circulation which, because it is dynamically 
unstable, can assume a number of modes, 
transitions between which may occur by 
an internal redistribution of local sources 
and sinks of heat to produce different 
weather patterns. Thus the radiation 
pattern and the dynamical behaviour of 
the atmosphere are closely linked. 

We must also consider the interaction 
caused by the operation of the hydrological 
cycle by which part of the solar radiation 
absorbed at the earth’s surface is used to 
evaporate water from land and ocean 
surfaces. The average global rate of 
evaporation is estimated at about 2? mm. 
per day or nearly 40 inches per year, which, 
of course, is equal to the mean global 
rainfall. The water vapour is carried 
aloft in rising air currents (convectively or 
dynamically produced), thereby cools and 
condenses to form cloud and ultimately 
falls as snow, rain or hail. But the forma- 
tion of clouds, which results from the 
absorption of radiation at the earth’s 
surface and the air movements, reacts 
back again on the radiation balance 
because clouds, which on average reflect 
back about one-half of the solar radiation 
incident upon them, exert a strong influence 
upon the quantity of such radiation which 
becomes available to drive the atmospheric 
engine. 

We have, then, a multiple-feedback 
mechanism which is difficult to compre- 
hend as a whole, and whose component 
parts cannot be readily or safely isolated 
for individual study. This implies that 
one cannot usually proceed directly from 
cause to effect because of the coupling 
between the different stages. 


PRINCIPLES OF WEATHER MODIFICATION 

Having briefly reviewed the principles 
on which the atmospheric engine works, 
we are now in a position to discuss 
possibilities of upsetting it. In principle, 
one might modify the weather by inter- 
fering with either the radiation balance, 
the development of dynamical systems or 
with the hydrological cycle. Any major 
change brought about in one of these is 
likely to affect the others to an extent 
which will depend upon the strength of 
the interactions between them. 
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(a) Changing the radiation balance 

The obvious method of changing the 
incoming solar radiation to the atmo- 
sphere would be to reflect a considerably 
greater fraction of it back to space by the 
creation of an artificial mirror. Two 
possible types of mirror come to mind ; 
the creation of a dense layer of dust in the 
upper atmosphere or, alternatively, an 
artificial increase in the quantity of clouds 
which are efficient reflectors of solar 
radiation. 

I think that there can be little doubt 
that if a pall of dust or smoke, sufficiently 
dense to cut off an appreciable fraction of 
the solar radiation, were to persist in the 
lower stratosphere for several months, a 
lowering of surface temperatures would 
result. Changes might also occur in the 
strength of the north-south temperature 
gradient, the intensity of the atmospheric 
circulation with attendant changes in 
storminess and rainfall. But in considering 
the quantity of dust which might be 
required to produce significant changes, 
one is impressed with the fact that the 
enormous quantities thrown into the 
atmosphere by the Krakatoa volcanic 
explosion of 1883, which was reputed to 
have reduced the direct solar radiation by 
10 per cent. and certainly caused brilliant 
sunsets and other optical effects during 
the three following years, did not produce 
any very significant reductions in global 
temperatures or rainfall. Unless such 
changes are fairly large they are not easy 
to detect; even today, with our much 
improved network of observations, it is 
difficult to detect small overall trends of 
temperature because of the large areas of 
positive and negative anomalies which 
occur annually over the earth. On the 
other hand, an extremely dense smoke pall, 
which was produced by forest fires in 
Canada, passed over the eastern part of 
the United States in September 1950 (and 
was later responsible for the appearance 
of the ‘ blue’ sun in Europe) and reduced 
the maximum daily temperatures as 
much as 10° F. 

Another possible method of forming a 
mirror would be to create an artificial 
layer of cloud at high levels in the atmo- 
sphere. Even a thin layer of cirrus cloud 
would screen off about 15 per cent. of the 
incoming solar radiation. It has been 
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suggested that such a cloud sheet could be 
made by aircraft Jaying down condensa- 
tion trails, and that this technique might 
be used in semi-arid regions to reduce the 
very high rate of evaporation from the 
soil which occurs in clear-sky conditions. 
But in order to cover a large area, the 
number of aircraft required would be so 
great that this appears to bean uneconomic 
proposition. 


(b) The triggering of dynamical disturbances 

The only suggestion for interfering 
directly with the dynamics of the atmo- 
sphere of which I am aware is based on the 
fact that large weather systems, such as 
depressions, may grow rapidly from small 
beginnings—from small distortions of the 
dynamically unstable large-scale flow 
pattern—and that, in consequence, it 
should be possible to initiate a sequence of 
weather disturbances by supplying the 
initial trigger—perhaps in the form of a 
bomb. This argument appears to be 
based on the misconception that large 
regions of the atmosphere are often so 
delicately balanced that a slight disturb- 
ance, applied almost anywhere, would grow 
rapidly and that it might develop quite 
differently from one naturally selected. 
In fact, because of the large number 
of natural perturbations which are con- 
tinually being created, the application of a 
suitable artificial stimulus at just the right 
time and place for it to develop preferen- 
tially would represent an extraordinary 
fluke. Moreover, it would be difficult to 
judge the result of such an experiment 
because there appears to be no way of 
distinguishing from a weather map, 
between effects produced by an artificial 
trigger and those resulting from natural 
perturbations. In any case, the effects 
set up by a particular initial disturbance 
are likely to be short-lived—most active 
weather systems tend to degenerate after 
a few days and are replaced by others 
arising elsewhere. There seems, therefore, 
to be no hope at present of controlling the 
weather for, say, a season, by the judicious 
triggering of the atmosphere. 

It is conceivable that changes in the 
pattern of the general circulation of the 
atmosphere might be brought about by a 
redistribution of heat sources and sinks in 
either the atmosphere or the oceans, since 
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the latter act not only as a great heat 
reservoir, but take part in its poleward 
transfer. Some redistribution of tempera- 
ture in the oceans (brought about, 
perhaps, by partial melting of the polar ice- 
caps) would probably cause changes in 
weather and climate, but such posssibilities 
are hardly likely to progress beyond the 
stage of speculation. 


(c) Modification of the hydrological cycle 

In principle, the tempo of the evapora- 
tion-condensation-precipitation cycle could 
be varied in a number of ways. The rate 
of evaporation of water from the earth’s 
surface might conceivably be changed by 
altering the incoming solar radiation as 
already described, by the use of large-scale 
irrigation, or by impeding the escape of 
water molecules from exposed water 
surfaces. 

Schemes have been put forward for 
creating large artificial lakes in semi-arid 
regions in the belief that the increased 
rate of evaporation from the new water 
surface would cause increased precipita- 
tion, and that any additional vegetation 
could provide a still greater evaporation 
surface, etc. In other words, having once 
established a large reservoir, the water 
might be distributed to the surrounding 
countryside by the atmosphere, the whole 
system being self-maintaining. Unfortu- 
nately, the atmosphere would be unlikely 
to co-operate in such an enterprise, but 
rather precipitate much of the evaporated 
water far afield and perhaps only a small 
fraction in the required place. For this 
reason alone, it would probably be much 
more efficient and economic to take the 
water to the consumer by normal irrigation 
methods rather than to circulate it 
through the atmosphere. 

Experiments are at present being carried 
out in Australia to investigate to what 
extent evaporation from natural water 
surfaces may be reduced by covering 
them with very thin chemical films. It 
appears that monomolecular layers of 
certain straight-chain alcohols can cause 
reductions of about 40 per cent. under 
normal summer conditions in Southern 
Australia, and that their efficiency is not 
greatly impaired by the action of wind and 
dust. It is estimated that about 3 hundred- 
weights of the substance, applied in 


crystalline form, should be sufficient to 
treat 1 square mile of water and that it 
should last for at least several months. 
Large-scale trials are now in progress and 
will be followed with interest. 


Tue H-Boms AND THE WEATHER 


In trying to account for the bad summer 
of 1954, the hydrogen bomb became a 
natural scapegoat. 

One theory held that it might have 
influenced the weather by increasing the 
concentration of fine dust in the atmo- 
sphere, thereby accounting for the cool 
summer. However, the bomb produced 
far less dust than Krakatoa, when the dust 
layer was plainly visible and yet produced 
no detectable changes in mean surface 
temperature and rainfall. The effects of 
the bomb, which was probably one 
thousand times less powerful than Kraka- 
toa, must have been correspondingly 
smaller. 

Regarding the possibility that the bomb 
may have triggered large dynamical 
disturbances, I can only repeat that the 
odds against it forestalling the multitude of 
natural perturbations were very great. 
But even in the event of such an im- 
probable occurrence, the effects would 
probably have disappeared without trace 
within a few days. 

It is conceivable, of course, that a large 
explosion might affect the weather in the 
immediate vicinity. But there is little 
chance of the energy of an almost instan- 
taneous explosion being directly respon- 
sible for the creation of a storm because the 
condensation and rain-forming processes 
require periods of 30 minutes or more 
during which energy has to be supplied 
continuously. Thus the detonation of an 
atom bomb would probably have little 
direct effect except in special circumstances 
such as occurred during the underwater 
explosion at Bikini in July 1946, when the 
ejection of vast quantities of water and 
steam caused sufficient lifting of the damp, 
tropical air mass to release its instability 
and produce cloud and rain which lasted 
for nearly 30 minutes. Atomic and nuclear 
weapons may, of course, produce local 
storms in an indirect manner. After the 
explosion at Hiroshima, flash fires broke 
out everywhere, and soon a large thunder- 
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storm developed from the hot, rising air. 
In the case of the hydrogen bomb, the 
heating of the underlying ground by 
radiation from the fire-ball might cause 
convection to be maintained for some time 
after the explosion. 

It has also been suggested that the 
ionised particles produced by the bomb 
might act as additional centres of conden- 
sation and lead to an increase in the 
rainfall. But although small ions may 
promote condensation in a Wilson cloud 
chamber, the supersaturations required 
are very high—probably several thousand 
times those which exist in natural clouds. 
This is because the atmosphere is already 
supplied with adequate numbers of much 
larger particles to take up the available 
water vapour and to prevent the super- 
saturation from rising to a value at which 
the small ions can share in the condensa- 
tion process. 

Perhaps I may summarise by saying that 
although it would be unwise to state 
categorically that the hydrogen bomb 
could have had no possible influence on 
the weather, one can say that it is highly 
unlikely that occasional explosions of the 
present magnitude can have more than 
very localised and transient effects. 

The various possible methods of weather 
modification which I have discussed so far 
do not appear very promising. I should 
like to conclude by following a more 
hopeful line which has already achieved 
a small measure of success. 


ARTIFICIAL MopIFICATION OF CLOUD 
AND RAIN 


During the last few years, it has been 
demonstrated beyond all reasonable doubt 
that suitable clouds may be made to rain 
by ‘seeding’ them with dry ice, silver 
iodide, water droplets, salt particles, etc., 
where similar untreated clouds in the 
same vicinity do not. It appears that 
there are two main mechanisms of rain 
production. The first, which involves the 
growth of ice crystals, their aggregation 
into snowflakes and the melting of the 
latter to produce raindrops is responsible 
for most of the widespread ‘ steady’ rain 
from extensive layer cloud systems. The 
second, in which a larger than average 
cloud droplet may continue to grow by 
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collision and coalescence with its smaller 
neighbours, is of importance only in shower 
clouds. 

Rain-making experiments are conducted 
on the assumption that some clouds pre- 
cipitate inefficiently, or not at all, 
because ice crystals or comparatively large 
water drops (to initiate the coalescence 
process) are naturally deficient ; and that 
this deficiency can be remedied by 
‘seeding’ the clouds artificially with 
‘dry ice’ or silver iodide (to produce ice 
crystals) or by introducing water droplets 
or large hygroscopic nuclei. 

In one type of experiment, pellets of dry 
ice (solid carbon dioxide), about a centi- 
metre in diameter, are dropped from an 
aircraft into the top of a supercooled 
(temperature below 0° C.) cloud. Each 
pellet produces perhaps 10,000 billion 
minute ice crystals so that only a few 
pounds of dry ice are required to seed a 
large cumulus (shower) cloud. More than 
two hundred such experiments, carried 
out in Australia, Canada and South 
Africa, have shown beyond all reasonable 
doubt that cumulus clouds in a suitable 
state of development were induced to rain 
whereas neighbouring clouds which were 
unseeded did not precipitate. 

Attempts to stimulate the coalescence 
process in shower clouds are a more recent 
development. Aijrcraft equipped with 
water tanks and spraying devices have 
been used to introduce droplets of about 
zis mm. diameter into the bases of growing 
clouds, thus providing the larger droplets 
necessary to start the coalescence process. 
The results of the first Australian experi- 
ments were encouraging; ten out of 
eleven trials produced rain, and in four 
cases the precipitation was heavy. Some 
successs was also achieved in some very 
recent tests with tropical cumulus clouds 
in the Caribbean. 

The fact that sea spray is an important 
natural source of such larger droplets 
suggests that it might be more economical 
to disperse salt crystals instead of water 
droplets ; a salt crystal of ;4,; mm. dia- 
meter will grow into a drop five times this 
size while being carried up through the 
bottom half-kilometre of the cloud, so that 
about 4 ounces of salt may be used 
instead of 1 gallon of water. A few 
salt-seeding experiments involving aircraft 
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were made in this country in 1952; 
further trials have been made in East 
Africa with balloon-borne bombs contain- 
ing gunpowder mixed with finely ground 
salt, and in Pakistan where the dry climate 
has made it possible to disperse salt dust 
from the ground. The results of these tests, 
though not conclusive, are encouraging, 
and suggest that this may prove an 
efficient method of releasing showers from 
warm cumulus clouds. 

However, for large-scale trials designed 
to modify the rainfall from widespread 
cloud systems extending over thousands of 
square miles, it is uneconomic to use air- 
craft and the general practice is to release 
silver iodide from the ground in the form 
of a smoke and rely on the air currents 
to carry it up into the supercooled regions 
of the cloud. Silver iodide was chosen 
because of the similarity of its crystal 
structure to that of ice; but a more 
detailed explanation of its particular 
efficiency as an ice-forming nucleus awaits 
further research. With the present 
methods of production, which are almost 
certainly not the most efficient, the silver 
iodide is ineffective at temperatures above 
— 5° C., but below — 15° C. 1 gramme 
of the salt can be vaporised to produce 
1,000 billion ice-forming nuclei. Of course, 
with this method one has no control over 
the subsequent transport of the smoke. 
We are unable to make a reliable estimate 
of the concentration of nuclei reaching 
cloud level, nor do we know for how long 
silver iodide retains its ice-forming ability 
in the atmosphere. It is these unknown 
factors which, together with the impos- 
sibility of estimating accurately what 
would have been the natural rainfall in the 
absence of seeding activities, make the 
design and evaluation of a large-scale 
operation so difficult. Despite the im- 
pressive claims of the commercial rain- 
makers, the published data contain no 
convincing evidence that large increases in 
rainfall can be produced consistently over 
large areas. Although it is feasible that, 
under suitable conditions, marginal effects 
of, say, 10-20 per cent. may be produced, 
in general, operations in any one area have 
not been continued for a sufficiently long 


period and have not been designed for use 
with evaluation techniques sufficiently 
reliable and sensitive to separate effects of 
this magnitude from the random variations 
in natural rainfall. An experiment, con- 
ducted on a purely statistical basis, how- 
ever carefully designed, would probably 
have to be continued for several years in 
order to obtain a significant result. In 
order to establish the efficacy of a tech- 
nique there is much to be said for choosing 
a favourable situation and reducing the 
number of variables. For example, one 
might seed persistent supercooled clouds 
formed by the ascent of damp air over large 
mountain barriers because then it is 
reasonable to expect that the silver iodide 
released on the windward slopes will be 
carried into the continually generated 
cloud and produce increased snowfall on 
the leeward side. Moreover, in this case, 
there is a real chance of detecting the result 
by visual observation. 

In considering the potentialities of cloud 
seeding, it should be borne in mind that 
an overall increase in global rainfall would 
imply an acceleration of the whole hydro- 
logical cycle and thus it is perhaps more 
realistic to think in terms of effecting some 
redistribution of rainfall by forestalling 
the natural release of precipitation. The 
feasibility of decreasing rainfall and of 
preventing hail and lightning by the 
‘ overseeding’ of clouds has also been 
discussed, but the practical difficulties are 
such that these ideas have yet to be 
seriously tested. 


CONCLUSION 


Although a number of plausible schemes 
for modifying the behaviour of the 
atmosphere have been put forward, few 
stand the test of practicability. There is, 
however, some hope of influencing the 
weather on a local scale, perhaps by 
intervening in the evaporation-precipita- 
tion cycle, but it has yet to be demon- 
strated that the techniques can be success- 
fully applied on a large scale. However, 
further intensive study of atmospheric 
processes may yet reveal unsuspected weak 
links in nature’s armour which may be 
exploited to man’s advantage. 
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FERTILITY IN FARM ANIMALS 


Section M (Agriculture) devoted the morning of Monday, September 5, 1955, at the 
Bristol Meeting of the British Association, to a discussion on the Fertility of Farm 
Animals. Dr. J. A. Laing, of the University of Bristol Veterinary Laboratory, opened 
the subject with a paper on ‘ Standards of fertility in farm animals’; this was followed 
by one on ‘ Factors enhancing fertility’, by Dr. John Hammond, C.B.E., F.R.S., of 
the School of Agriculture, University of Cambridge ; and the symposium finished with 
an account of ‘ Factors decreasing fertility levels’, by A. F. Holt, M.R.C.V.S., of the 


Dartington Hall Cattle Breeding Centre. 
papers. 


The following are abstracts of these three 


STANDARDS OF FERTILITY IN FARM ANIMALS 
AND THEIR RELATIONSHIP TO INHERITED 
Factors AND ANIMAL HUSBANDRY 
PRACTICES 


by 
Dr. J. A. Laing 


A HIGH standard of fertility in farm animals 
is required not only because productivity 
depends on regular reproduction in dairy 
cattle and is associated with it in both 
sheep and pig production, but also because 
adequate numbers of young stock have to 
be produced if selection is to be efficient. 
In addition, the monetary saving which 
high fertility gives in the artificial- 
insemination service is important because 
of the high proportion of cattle which are 
now bred artificially—some 45 per cent. in 
this country and 70 per cent. in Denmark, 
for example. 

Standards of fertility are often vague, 
for the necessary vital statistics are often 
lacking ; although some are now being 
collected, particularly from cattle breeding 
centres. Returns of livestock numbers are 
available from the Ministry of Agriculture, 
but the information they give is limited. 
Fertility is sufficiently high to allow of 
fairly rapid increase in numbers, as is 
shown by the rapid expansion in pig 
numbers in response to price changes, and 
in the replacement of sheep lost in the 
winter of 1946-7. These, however, give 
no indication of the wastage or delay 
which occurs, and while from breed society 
or herd records and details kept by 
artificial-insemination organisations one 


can collect some data, they are usually not 
sufficiently adequate, so that it is necessary 
to collect information from surveys made 
for this particular purpose. In some cases, 
however, there may be some doubt as to 
whether the results are truly representa- 
tive—for example, in surveys carried out 
on animals killed at abattoirs. All these 
sources, however, can provide useful 
data. 

It is of some importance to know, firstly, 
the present accepted standards of normal 
fertility ; secondly, if they are in fact 
normal ; and thirdly, if they are not, in 
what respects they fall short of the normal 
and how far they can be improved. 

The type of measurement which must 
be made to set up a standard must take 
into account both numbers of animals born 
and the intervals between births. This 
latter is important because the losses in- 
volved in the maintenance of unproduc- 
tive breeding stock are probably as great, 
if not greater, than from those culled 
because they do not breed. The standards 
for the various farm animals vary because 
of differences in numbers born after each 
pregnancy, the types of husbandry adopted. 
and, with sheep, because of the restricted 
breeding season. 

In dairy cattle, where the influence of 
twins and triplets is negligible, the 
emphasis is usually on the detection of 
delay in breeding. Thus fertility is deter- 
mined by the number of services or in- 
seminations required for each conception, 
or the proportion of animals conceiving 
to the first insemination. The way the 
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results are arrived at may vary. They may 
be based on animals which have not 
returned to oestrus within three months, 
those which have been examined and 
found pregnant, or those which have 
actually calved. The last is most reliable 
but depends on all animals being identi- 
fied and remaining in the herd until par- 
turition. These facts are not always 
ascertainable, particularly among the 
large numbers involved at artificial- 
insemination centres. In sheep, ewes which 
do not conceive are important because the 
breeding season is restricted and so a year 
is lost. The number of services required 
for each conception is less important, but 
multiple births also materially affect 
fertility, and the best measure is the 
number of lambs born expressed as a 
percentage of ewes mated. In pigs, the 
litter size and number of litters per year 
may be combined as the number of young 
pigs born per year. Because losses in 
young pigs are high between birth and 
weaning it is essential to know also the 
average number of young pigs weaned. 


LAMBING PERCENTAGES IN SHEEP 


There are varying standards for different 
breeds and different environments. In 
some cases fertility is remarkably low. In 
some Merino flocks in Australia it is only 
60-5 per cent. of ewes mated (Kelly, 1946); 
in other breeds fertility for each 100 births 
varies from 103 to 222 (Johansson & 
Hansson, 1943). The normal average is 
probably about 150 per cent. Barren ewes 
do not normally affect the picture much, 
but occasionally they may be frequent 
among young ewes (Anon., 1954). Varia- 
tions in fertility are due both to breed and 
to environment, the effects of the latter, 
whether accidental or the result of delib- 
erate husbandry methods, being particu- 
larly important. While there is variation 
between breeds, from Welsh or Blackface 
with a normal one lamb per ewe per 
year to Finnish Landrace with four, it is 
difficult to say how much of this is in- 
herited. Attempts to select for fertility in 
New Zealand Romney flocks have met 
with little success (Anon., 1954). On the 
other hand, daughters of twins have a 
greater tendency to produce twins, al- 
though the inherited variation in litter 


size seems to be a minor one (Johansson & 
Hansson, 1943). 

Sub-maintenance diets tend to suppress 
oestrus and shorten the breeding season 
(Hafez, 1952), but high body-weight may 
be associated with higher fertility (Terrill 
& Stoehr, 1942), and ‘flushing’ or 
raising the level of nutrition three weeks 
before the breeding season begins is well 
known to be effective in increasing the 
number of ova shed. Ewes mated at the 
middle of the breeding season tend to have 
more multiple pregnancies than those 
mated at the beginning or end (Johansson 
& Hansson, 1943 ; Hammond, Jnr., 1944) 
because of the effect of decreasing hours 
of daylight. Ewe lambs have shorter 
breeding seasons than adults and in some 
cases fail to breed until the following year 
(Hammond, Jnr., 1944; Hafez, 1952), 
and the number of ewes having multiple 
births increases until the age of five 
years, and thereafter gradually decreases 
(Johansson & Hansson, 1943). The fertility 
of a flock may therefore depend on man- 
agement before and during the breeding 
season and on the policy with regard to 
breeding from lambs and culling older 
ewes. 

All these are normal effects and may be 
characteristic of normal husbandry prac- 
tices in different areas and breeds. There- 
fore, leaving aside abnormal factors such 
as infectious disease, nutritional deficiency 
and inherited infertility, fertility in sheep 
may be regarded as normal while varying 
between an annual lambing percentage of 


100 and 200. 


LitTER S1zE IN Pics 


Records of the National Pig Breeders’ 
Association covering five breeds over nine- 
teen years show a breed variation in litter 
size from 7-7 to 10-6, the latter for Large 
Whites (Bishop, 1953). American results 
from six of their breeds vary from 6-9 in 
Poland-Chinas to 11-0 in Large Whites 
(Phillips & Zeller, 1941). Individual sows 
may vary from 1 to about 20. Differences 
because of management and environment 
are probably less than with sheep because 
there are not the same wide variations as 
exist between the semi-feral methods used 
with mountain sheep and the controlled 
artificial conditions under which lowland 


506 


bre 
oe 
ov 
fer 
cle 
Li 
fifi 
va 
fifi 
gr 
in 
hi 
av 
ar 
ye 
bu 
: Tl 
we 
24 
pi 
ov 
be 
Si 
is 
he 
ne 
al 
is 
al 
fe 
d 
P 
fi 
h 
t 
: t 
a 
r 
7 
i 
I 
I 

| 


breeds may live on arable farms. As 
oestrus lasts for two to three days and 
ovulation occurs at about mid-oestrus, 
fertility may be reduced if service is not 
closely related to the time of ovulation. 
Litter size increases up to the fourth and 
fifth and then gradually declines (Long- 
mill, 1952). In New Zealand the average 
varies from 8 at the first to 9-75 at the 
fifth litter and then declines. Because of 
greater losses between birth and weaning 
in older sows, the number weaned is 
highest at the third litter, and on the 
average 24 per cent. of young pigs born 
are lost at this time. In New Zealand the 
yearly average litter size per sow is sixteen, 
but the average weaned is only twelve. 
The average mortality between birth and 
weaning in this country is between 16 and 
24 per cent. In litters larger than thirteen 
pigs the losses between birth and weaning 
overtake the gains from the larger litters 
born. 

Again in pigs, therefore, there is con- 
siderable variation in fertility, although it 
is difficult to say how much is inherited, 
how much environmental, and what is 
normal. One factor which is of consider- 
able importance in modifying the standard 
is the very high mortality between birth 
and weaning. 


CONCEPTION RATES IN CATTLE 


The standard of fertility which most 
farmers expect in cattle is a calf produced 
at the same time each year. This is 
desirable to avoid the maintenance of un- 
productive stock and allow a settled policy 
of milk production to be carried out. In 
fact, the average calving interval is 
thirteen months (Edwards, 1950) ;_ thus 
heifers having their first calves in October 
tend to become spring calvers and have 
their fourth calfin February. The explan- 
ation for some of this delay is found in 
results of artificial-insemination stations. 
One month after first insemination, about 
75 per cent. have not been reported as seen 
in oestrus, after two months about 69 per 
cent., and after three months about 67 
per cent. (Holt, 1952; Stewart, 1950; 
Edwards, 1951). This last figure is again 
about 5 to 8 per cent. higher than the 
actual calving rate. Therefore the calving 
date is delayed in from 15 to 20 per cent. 


Fertility in Farm Animals 


of cows which do not conceive at the first 
insemination. The final fertility rate is 
usually about 85-95 per cent. Similar 
results are found where natural service is 
used. The delay is associated particularly 
with a variety of abnormalities which pro- 
duce early embryonic death or abortion 
(Laing, 1952). The total annual cull from 
dairy herds is about 25 per cent., the life 
of a dairy cow after she has calved in a 
herd for the first time being just over four 
years, and because of delays in breeding 
and other factors, some causing permanent 
sterility, those removed for infertility form 
about 6 per cent. of the animals culled. 
Next to normal trade this is the chief 
reason for culling (MacGregor, 1941 ; 
Beynon, 1948). 

There is nothing to indicate that the 
calving rate of 55-60 per cent. to first ser- 
vice in cattle is due to inherited differences 
between breeds. Hereditary differences 
are mainly concerned with multiple births, 
and in cattle these are infrequent, the in- 
cidence of twins being only about 1 per 
cent. The standard of fertility obtained is 
thus largely an environmental one im- 
posed on animals potentially able to 
produce one calf every year. 


Tue VALIDITY OF EXISTING STANDARDS 
OF FERTILITY 


There seems to be little doubt that these 
standards are only ‘ normal’ in that they 
have come to be accepted as such through 
usage and tradition, and, in fact, should 
be much higher. The amount of improve- 
ment which can be made by selection, 
however, appears to be relatively small. 
It is essential to make a clear distinction 
between those inherited factors which vary 
fertility and those that cause infertility. 
Inherited infertility is the result of factors 
which prevent or limit the production of 
offspring, such as gonadal hypoplasia or 
aplasia of the Muellerian ducts in cattle. 
These are relatively uncommon ; further- 
more, from their very nature they are 
self-limiting, unless their effect is only 
partial, as in the gonadal hypoplasia of 
Swedish mountain cattle (Lagerlof, 1939). 
Heritable differences in fertility are associ- 
ated with differences in the number of ova 
shed, and in sheep with variations in the 
length of the breeding season. So far, 
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attempts to improve fertility by selecting 
for these latter characters have been some- 
what discouraging. 

The effect of environmental factors, and 
the extent to which they are controllable, 
present, however, a very different picture. 
By improving conditions of management, 
using the word in its widest sense, it should 
be possible to raise the present standards 
quite considerably. Reduction in the 
abortion rate from 10 to 2 per cent. as 
the results of vaccination, and the virtual 
disappearance of trichomoniasis after the 
imposition of adequate preventive meas- 
ures at artificial-insemination centres, are 
evidence of this. Enzootic virus abor- 
tion in sheep could, for example, also be 
eliminated by vaccination, but on the 
other hand such losses as are involved in 
the 20 per cent. mortality among pigs 
between birth and weaning is one of the 
greatest challenges to workers in the field 
of animal husbandry. In the past there 
has been some complacency over the very 
great losses that occur, which has been 
contributed to particularly by the absence 
of vital statistics concerning breeding 
animals. It is certain, however, that much 


of the loss could be reduced by applying 
available knowledge, although there is no 
doubt also that considerable research is 
also necessary on farm animals themselves 
before many of the problems of animal 
breeding can be solved. 
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Factors ENHANCING FERTILITY 
by 
Dr. John Hammond, C.B.E., F.R.S. 


MetHops for enhancing fertility are not 
only required for lowering costs of pro- 
duction, as in the case of obtaining twins 
for fat-lamb production, but they are also 
required for speeding up genetic improve- 
ment in our larger farm animals where the 
natural rate of increase is relatively slow. 

This speeding up of genetic improve- 
ment by increasing fertility has so far been 
most successful in the male by the practice 
of artificial insemination. 

In this country artificial insemination 
has been most extensively used in cattle, 
but in the U.S.S.R. and South America 
it has also been widely used for sheep. 
Species vary considerably in the length of 
time the sperm can be kept alive outside 
the body. In this respect farm animals 
fall into two groups. In the stallion and 
boar, with large volumes of semen, the 
sperm have a very short life outside the 
body, whereas with the bull and the ram, 
with small volumes of semen, the sperm 
have a longer life outside the body. By 
the usual methods of storage at 40° F., 
and dilution with isotonic phosphate or 
citrate buffer solutions with added egg 
yolk to avoid temperature shock, the 
effective life of bull and ram sperm is 
about four days. The number of cows per 
year that can be inseminated from a bull, 
however, varies in practice with the 
seasonality of breeding, that is the number 
of cows available within four days of 
collection. Improvement in this respect 
has been made since artificial insemina- 
tion first started in this country by 
better organization within the centres, for 
whereas in 1947 the average number of 
inseminations made per bull was 800, in 
1955 it had risen to 1,770. 

The recent development of the deep- 
freeze technique, in which the sperm can 
be kept at —79° C. for at least three years, 
has, however, increased the number of 
cows which it is possible to inseminate 
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from any one bull. No exact figures have 
yet been obtained, but it is estimated to 
be from 10,000 to 20,000 a year. 

The discovery of a new diluter—glycine 
—has now made it possible to extend the 
life of boar and stallion sperm outside the 
body (Roy, 1955) and so make artificial 
insemination in pigs a practical proposi- 
tion (Polge, 1955). At present it appears 
that the effective life is about two days 
and that about 40 gilts per week can be 
inseminated from a boar. No doubt this 
will be improved upon by further research. 
So far the deep-freeze technique has not 
been successful with boar semen, but, 
again, ‘further research may solve the 
problem. Artificial insemination in pigs 
should be of great value when the Boar 
Progeny Testing Stations come into opera- 
tion next year. 

Whereas in the male a limiting factor in 
increased fertility is not imposed by the 
number of gametes, this is not so in the 
female, in which the number of eggs shed 
is the limiting factor. Knowledge con- 
cerning the reproductive hormones, how- 
ever, shows promise of overcoming these 
limitations. 

In the ewe, fertility is limited in two 
ways: firstly, by the number of eggs 
which are shed during the breeding season, 
and secondly, by the occurrence of a non- 
breeding season. 

The number of eggs shed during the 
breeding season is influenced greatly by 
breed ; thus while the Border Leicester 
and Suffolk shed a large number of eggs 
at each heat, the Southdown and Lincoln 
shed fewer. Breeding for fertility consists 
in selecting for a high follicle-stimulating 
hormone (F.S.H.) output from the an- 
terior pituitary gland. Much might be 
done to select for fertility in many of our 
breeds, particularly by the selection of 
rams from ewes which have a good record 
of fertility. Flushing, or a rising plane of 
nutrition in the ewe before mating, in- 
creases the number of eggs shed. This is 
probably due to the fact that reaction to 
any particular level of hormone in the 
blood is greater when nutrition is good. 

By injections of P.M.S. some four days 
before heat, or about twelve days after 
the last heat, the number of eggs shed can 

raised, according to dose, up to about 
thirty. If large doses are given, however, 
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many of the embryos perish at about the 
time of implantation, and others later 
(Robinson, 1950, 1951). It would appear 


that a limit is imposed by some special 


nutritional factor present in the uterus and 
which has not yet been discovered, al- 
though some individuals will carry as 
many as six lambs to birth. 

The best results in practice, however, 
have been obtained by lower doses of 
P.M.S.—about 500 i.u., varying slightly 
according to size of breed. This has been 
confirmed, not only by field experiments 
in this country (Gordon, 1954), but also 
in New Zealand (Wallace, 1954) and 
Iceland (Palsson, 1955). 

The limitations imposed on fertility in 
sheep by a restricted breeding season are 
due to the influence of the darkness—day- 
light ratios on the output of F.S.H. from 
the anterior pituitary, long dark-short 
light increasing the output of F.S.H. 
(Yeates, 1949). There are differences 
between breeds in the speed with which 
they react to light changes, and so in the 
length of the non-breeding season. The 
Dorset Horn is an example of a breed 
which reacts quickly (Hafez, 1952). 

As altering the dark-light ratios would 
be expensive in sheep, direct hormone 
treatment has been attempted in order to 
make sheep breed twice a year. It has 
been found that injection of P.M.S. alone 
causes the shedding of the egg but only 
occasionally the appearance of heat as 
well. If, however, before this is done, 
injections of progesterone are given to 
delay the shedding of the egg, both ovula- 
tion and heat occur in a large number of 
cases (Robinson, 1954). For example, one 
can breed from ewes in the spring to lamb 
in September on sugar-beet tops, and 
these will breed again naturally so as to 
lamb in the following spring off grass 
(Gordon, 1954). While this has been done 
experimentally on small groups of ewes, 
it requires further field trials before it can 
be considered as suitable for practice. 

With beef cattle attempts have been 
made to produce twins so as to lower the 
costs on the calf at birth in the same way 
that twinning does in sheep. With beef 
cows suckling calves the signs of oestrus 
are not so apparent as in cows milked by 
hand, so that other means have to be 
employed for injecting F.S.H. at the right 
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time, some four days before ovulation. 
This is done by squeezing the corpus 
luteum out per rectum and then injecting 
some 2,000 i.u. of P.M.S. By this means 
it is possible to raise the calving percentage 
so that an average of twins is obtained 
with a variation of 1 to 3 calves at birth 
(Hammond, Jnr., 1949). If strong calves 
are required, however, it is necessary to 
‘ steam up ’ the cows before calving. This 
method is now being tried out in beef 
herds under farm conditions. With beef 
calves at the present prices it should be 
worth a trial. The real solution of the 
problem, however, under conditions in 
this country is to breed a twinning strain 
of beef cattle, which would lower the costs 
of production. When twins of unlike sexes 
in cattle are produced the female is usually 
a freemartin, which is sterile. These are, 
however, quite good for beef purposes, 
and the actual number of fertile females is 
the same as with single births. 

The problem of increasing the fertility 
of cows of high genetic worth has not yet 
been fully solved, for while it is possible 
by injections of P.M.S. to increase the 
number of eggs shed at one heat period 
up to about fifty (Dowling, 1949), and 
while it is possible to transplant the 
fertilised eggs of rabbits, pigs, sheep and 
cattle into other females to incubate them, 
it has not yet been found possible to 
transfer these eggs into the host female 
without an operation. This prevents its 
use in practice at present. Attempts have 
been made to transfer them by the methods 
used in artificial insemination, but at four 
to five days after, instead of at heat. 
These, however, have resulted in failure 
owing to the uterus being susceptible to 
infection when it is under the influence of 
progesterone from the corpus luteum 
(Rowson, Lamming and Fry, 1953). 

Meanwhile, and until this problem of a 
simple method of insertion is overcome, 
experiments on smaller animals have been 
proceeding to find out the possibilities of 
the method. One of these is that of breed- 
ing from animals before the age of puberty 
and so shortening the generation interval, 
a problem of importance in the genetics 
of our larger farm animals. By the use of 
hormones, eggs can be ripened and shed 
long before the female becomes sexually 
mature and can produce young herself. 


It has been shown in rabbits that these 
eggs can be fertilised, and if transplanted 
to adult does can produce normal young 
(Adams, 1954). By the use of these 
hormones a calf of under a month old can 
be made to produce fertilized eggs 
(Marden, 1953), so that when a method 
is found of transplanting them it will be 
possible to obtain a generation a year 
instead of one in three years in cattle. 
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Factors DECREASING FERTILITY 
LEVELS 


by 
A. F. Holt 


THE maintenance of a satisfactory level 
of fertility in our farm stock is an es- 
sential part of the national economy and 
increases in importance as productive 
efficiency improves. The magnitude of 
irregular breeding in the cow can be 
judged by the fact that a survey in South- 
West England in 1940 showed that in- 
fertility accounted for nearly half the culls 
from dairy herds due to disease, or 4 per 
cent. of the dairy cattle population. In 
1951 it was found that 5 per cent. of the 
dairy herds using artificial insemination 
presented problems of fertility each year. 
The factors decreasing fertility levels fall 
into two main categories, permanent in- 
fertility and temporary infertility. The 
former is of minor importance affecting 
individuals, but the latter may affect 
whole herds, and although in many cases 
it persists for a few months only, in one 
herd in every hundred the symptoms per- 
sist for more than a year. This creates a 
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difficulty, for spontaneous recovery often 
begins before the herd can be investigated. 

It has been shown experimentally that 
atmospheric temperature may have an 
effect on male fertility in hot climates, 
but this has little effect in temperate 
climates because of scrotal regulation. The 
amount of daylight affects sheep with a 
natural breeding season (Yeates, 1949), 
the breeding response occurring some 
10-14 weeks after decrease in daylight 
hours; and Eaton & Simmonds (1953) 
obtained a high incidence of out-of- 
season breeding in both sheep and goats 
by changing the dark-light ratio. In 
Canada results suggest that longer day- 
light improves the conception rate in cows 
(Mercier & Salisbury, 1947), but Laing 
(1950) in this country could find no effect 
of light on the fertility of heifers. There 
is no evidence to show that altitude affects 
fertility apart from other associated 
changes such as grazing. In an investiga- 
tion at Dartington it was found that 
annual rainfall did not affect fertility in 
cattle except that a rise occurred in con- 
ception rate when it was over sixty inches. 
There may be some connection between 
this result and the fact that conception 
rates at artificial-insemination centres are 
higher in the western areas of England and 
Wales, which have a higher rainfall, than 
in the east, where the rainfall is lower 
(Edwards, 1954). Cold weather appears 
to depress the readiness with which heifers 
will come on heat, but this is complicated 
by factors such as light, feed conditions 
and lack of exercise. Edwards (1949) in 
this country and Van Denmark & Salis- 
bury (1950) in the U.S.A. found that there 
are no seasonal variations in conception 
rate in cattle. 

Within normal standards nutrition has 
no effect on fecundity of the male or 
female. Overfeeding leads to obesity and 
slowness at service in males, while gross 
underfeeding causes anoestrus in heifers 
(Laing, 1950). Vitamin deficiencies caus- 
ing low fertility are seldom encountered. 
Recently much work has been done on 
the relation of minerals in the ration to 
breeding efficiency. Lowered fertility has 
been associated with low phosphorus in- 
take in cattle (Theiler, Green & du Toit, 
1924; Eckles, Becker & Palmer, 1926), 
while Dunlop (1948), by feeding mineral 
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mixtures high in phosphorus, raised the 
calf crop from 60 to 90 per cent. and over. 
Hignett (1950) found from field surveys 
that where the ratio CaO:P,O, de- 
parted materially from 1 : 1 and the actual 
P,O, was low, breeding efficiency was also 
low, but improvement was rapid when 
P,O, was added; he also records that 
Channel Island breeds appear to be less 
tolerant of deficiency than Red Polls, 
Shorthorns and Friesians. Hignett & 
Hignett (1951) pointed out that many 
leys do not provide sufficient phosphorus 
for maintenance, milk and high fertility, 
and there is usually an excess of CaO 
over P,O;. They showed (1952) that a 
minimum daily intake of about 50 grs. of 
P,O, was necessary for satisfactory fer- 
tility in heifers ; below this, ovarian dys- 
function became common. They also 
found (1953) that the effect of phosphorus 
ingestion on fertility was not so great when 
the vitamin D status of the animal was 
high. There is more than a suspicion that 
iodine, manganese, copper and magnesium 
are also concerned in this problem, and 
further research is needed. One wonders 
how changes in environment affect fer- 
tility ; in the post-war years there was an 
influx of Ayrshire cattle into South-West 
England and this was followed for a period 
of up to a year by lack of breeding ability. 
Was this due to sudden changes in soil, 
climate or herbage? The infertility in 
ewes in Australia caused by the oestrogen 
content of subterranean clover is an 
example of the possible effects of herbage 
(Bennetts et al., 1946). 

Let us now consider the various factors 
in herd management which depress fer- 
tility. It has been found that a minimum 
of fifty days is needed for a satisfactory 
conception rate (Shannon ¢é¢ al., 1952), 
and that this increases for 180 days after 
calving and then decreases (Swensson, 
1952). Trimberger (1954) found that 
cows mated less than fifty days after calv- 
ing gave only a conception rate of 31 per 
cent., as compared with 76 per cent. for 
cows mated more than ninety days post 
partum ; if service was within sixty days 
post partum, the cows with a previous heat 
had a better conception rate than those 
mated at the first heat. In this country, 
Edwards (1954), has shown that concep- 
tion rates increased from 48 per cent. in 
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matings up to thirty days after calving to 
73 per cent. when the interval was 150 
days. A possible explanation of why this 
should be so, whereas in pigs it is generally 
accepted that the first heat after weaning 
is the most fertile, is that under more 
natural conditions the cow would suckle 
a calf for several weeks, during which time 
she would not come on heat, as is the case 
with the pig. 

Fertility in the bull tends to show a 
steady but not great fall from four years 
old onwards, giving a variation of about 
12 per cent. from highest to lowest 
(Edwards, 1950). Results on the effect of 
age on fertility in the cow are conflicting. 
Hilder e¢ al. (1940) found that heifers 
required more services for conception than 
older cows, but, after this, age had little 
effect. Olds et al. (1952) could find no 
correlation between fertility and age at 
first insemination in heifers over twelve 
months old, and Palsson (1952) found that 
age did not affect fertility. On the other 
hand, Tenabe & Salisbury (1946) and 
Koort (1948) found that fertility was 
highest at the third lactation, being lower 
in younger and in older animals. Possibly 
the contradictory results may be due to the 
culling of cows which are difficult to 
impregnate. 

In work at Dartington it was found that 
when the herd size was over fifteen the 
conception rate dropped, and this has been 
confirmed by work at other centres. With 
this drop in conception rate in large herds 
there is an increase in the number of herds 
which had breeding problems. This might 
be due to less attention by the owner or to 
the fact that large herds are more likely 
to keep a bull and so become susceptible 
to the spread of venereal disease. 

Up to the beginning of the last war, 
infectious disease was by far the largest 
factor causing bovine infertility, the chief 
culprit being contagious abortion. Vac- 
cination against this disease has largely 
removed it, but continued vaccination is 
necessary. As the scourge of contagious 
abortion passed, the presence of tricho- 
monas infection became apparent, but, 
being transmitted only by service, artificial 
insemination prevented it and it has now 
ceased to be a national problem. The 
most recent visitor in this field is Vibrio 
foetus infection, again carried by the bull 


and spread to the herd. Infertility in the 
herd is one of the chief symptoms of the 
disease and considerable loss to the nation 
is caused by it. Much work is now being 
done on it at Weybridge and throughout 
Europe. 

In animals other than cattle, infectious 
genital diseases are not prevalent in this 
country. Vibrio foetus can affect sheep, 
but its incidence is not known ; abortion 
from this usually occurs during the last 
month of pregnancy (Laing, 1955). A 
virus causes abortion of ewes in Scotland 
during the last two or three weeks of 
pregnancy, but does not cause infertility 
(Laing, 1955). In the cow, infection of the 
uterus can occur by bacteria not normally 
pathogenic. One of these, Corynebacterium 
pyogenes, is often present and may cause 
large quantities of pus in the uterus, some- 
times with blockage of the tubes, and so 
permanent infertility. 

An important factor which depresses 
fertility is early foetal death, followed by 
either absorption of the foetus or its 
expulsion ; it occurs in cattle, pigs, rab- 
bits and many other species. In cattle, 
Laing (1949), demonstrated that embry- 
onic death was an important cause of 
lowered fertility. One out of every five 
cows served is presumed to be in calf 
when, in fact, she will not produce young 
from that service. Nearly half this loss 
occurs within the first three months after 
service. Kidder e¢ al. (1954) showed that 
40 per cent. of all the potential young in 
dairy cattle were lost by sixty to ninety 
days after mating ; this figure is made up 
by 3 per cent. due to genital abnormalities 
in the cow, 9 per cent. defective ova, 12 
per cent. failure of fertilisation, and 16 per 
cent. to embryonic death. Fosgate & 
Smith (1954) found that between preg- 
nancy diagnosis at thirty-four to fifty days 
and parturition, foetal mortality was just 
over 6 per cent., while Hawk et al. (1955) 
estimate embryonic death rate up to five 
months’ gestation to be nearly 20 per 
cent. 

In sows, Hammond (1914), found only 
75 per cent. of the corpora lutea were 
represented by normal foetuses, and by 
using more sows (1921) that the figure 
was only 67 per cent. ; there were 12 per 
cent. atrophic foetuses and 20 per cent. of 
the ova were unaccounted for. Casida 
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(1951) and Squiers et al. (1952) have given 
the figures of 54 and 56 per cent. of ovula- 
tion as being represented by live pigs. 
Perry (1954) found that sows produced 
more ova and embryos than gilts ; ovula- 
tions rose sharply after the first litter, and 
large litters lost more ova than small ones. 
About 40 per cent. of all ova produced 
were lost before parturition, 85 per cent. 
of this loss occurring in the first half of 
pregnancy and about 75 per cent. before 
the twenty-fifth day of pregnancy. Chris- 
tian & Nofziger (1952) demonstrated that 
prenatal death rate in gilts on a high 
plane of nutrition was 27 per cent. higher 
than on a low plane, the high nutritional 
plane giving a higher ovulation rate than 
the low. In sheep, Henning (1939), found 
that 16 per cent. of the corpora lutea were 
not accounted for by live foetuses. Clearly 
this matter is one of great economic 
importance ; infectious diseases such as 
Trichomonas foetus and Vibrio foetus can cause 
embryonic death, but since foetal atrophy 
occurs in herds and individuals not affected 
with disease, this is evidently not the whole 
answer. Hawk et al. (1955) found that 
inbreeding tended to increase embryonic 
mortality, while Moustgaard (1952) showed 
that lack of Vitamin B,, increased it in 
pigs, and Laing (1952) has suggested that 
iso-immunisation may be the cause. In 
our present state of knowledge, however, 
we must admit we know little of the causes 
of this condition, and as it is a major 
factor in our infertility problem further 
research is important. 

Concerning the genetical aspect of 
breeding difficulties, Lagerlof (1934, 1938) 
and Eriksson (1943), found in Sweden that 
testicular underdevelopment and ovarian 
dysfunction, associated with a weak endo- 
crine system, were inherited. Steps were 
taken by legislation to prevent breeding 
cattle from certain lines and the incidence 
is being effectively controlled. Hancock 
and Rollinson (1949) and Hancock (1953) 
demonstrated abnormalities in bull sperm 
of genetic origin. Haq (1949) considered 
testicular hypoplasia in the bull to be 
hereditary. However, Pon et al. (1953) 
and Dunbar & Henderson (1953) came 
to the conclusion that the hereditability 
of breeding efficiency in cattle is low. One 
must not disregard, however, the influence 
of genetics ; indeed, work in progress at 
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Langford strongly indicates the hereditary 
nature of certain types of bull sterility. 
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THE TEACHING OF CHEMICAL PRINCIPLES 
IN SCHOOL AND UNIVERSITY 


At the Bristol Meeting of the British Association Sections B (Chemistry) and L (Educa- 
tion) devoted the morning of Tuesday, September 6, 1955, to a joint discussion of the 
teaching of chemical principles in school and university. Professor D. H. Everett, 
M.B.E., of the Department of Physical and Inorganic Chemistry, University of Bristol, 
opened the discussion with an introductory paper. He was followed by Professor C. A. 
Coulson, F.R.S., Rouse Ball Professor of Applied Mathematics at the University of 
Oxford, whose contribution dealt with the teaching of quantum mechanics. Mr. G. I. 
Brown, of Eton College, then presented a paper on the teaching of modern valency 
theory in schools. 

These three papers, which are printed below, were followed by a general discussion 
to which Mr. J. C. Stredder, Tonbridge School, and Mr. A. C. Cavell, Uppingham 


School, made short invited contributions. 


THE TEACHING OF CHEMICAL PRINCIPLES 
by 
Prof. D. H. Everett, M.B.E. 


In the last twenty or thirty years teachers 
of chemistry have been faced with new 
problems. These are reminiscent of those 
raised at the end of the last century by the 
advent of physical chemistry and are likely 
to arouse as much discussion ; there is 
ample evidence from recent textbooks, 
monographs and papers that they have 
exercised the minds of many teachers both 
in schools and universities. It is therefore 
appropriate that the teaching of chemical 
principles should once again be the sub- 
ject of active discussion. ‘There is less need 
now to argue in support of the funda- 
mental principle that the physical basis of 
chemical theory should form a frame- 
work for the teaching of chemistry. In- 
stead the more important questions seem 
to be concerned with the stage at which 
modern theoretical ideas should be intro- 
duced, and with the way in which the 
abstractions with which they deal can be 
explained to the uninitiated. 

The usual University Honours Course 
in chemistry had long since ceased to deal 
with more than a very small fraction of the 
total extent of chemical knowledge. It is 
no solution to allow specialisation in one of 
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the major branches of chemistry at an 
early stage in the Honours Course, for 
over-specialisation is undesirable in itself 
and it obscures from the student the uni- 
fication of chemistry which is resulting 
from the ever-increasing power of the 
underlying principles of the subject. It 
seems more than ever important that 
chemical education should not only pro- 
vide the student with a basic knowledge of 
the facts of chemistry, but should develop 
in him an intuition which will enable him 
to appreciate the significance of new facts 
as he encounters them. The value of a 
basic training of this kind extends far be- 
yond the bounds of the undergraduate 
curriculum ; for it must also provide the 
framework for further understanding in 
any future career either in academic or 
industrial life. 

It may be argued that it is unfortunate 
that some chemical principles are normally 
taught as part of physical chemistry, some 
as an introduction to inorganic chemistry, 
and some may form part ofan organic chem- 
istry course. These principles are ex- 
plained by different lecturers, in different 
contexts, and at widely differing levels of 
intellectual difficulty ; sometimes a prin- 
ciple will be discussed in relation to a 
particular phenomenon, without its rele- 
vance to other phenomena in other 
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branches of chemistry being mentioned. 
The best students will perceive for them- 
selves the part played by fundamental 
theory as the integrating factor in chem- 
istry ; but it would seem desirable to 
devise a method of presentation in which 
general theoretical principles are dis- 
cussed first and are then available for the 
interpretation of experimental facts as 
they are met at a later stage. The objec- 
tion to a severely logical development, 
from general principles to their applica- 
tion to specific problems, is that principles 
mean little by themselves ; they must be 
seen against the background of experi- 
mental facts to which they relate. A 
compromise solution is, therefore, necessary 
in which a broad description of the more 
important phenomena is linked with a sur- 
vey of fundamental principles. The exact 
details of a course of this kind need careful 
consideration,} but it is clear that it would 
crowd out of the undergraduate curricu- 
lum some more highly specialised topics 
which would have to be accommodated 
in postgraduate lectures. This should not 
be regarded necessarily as a serious disad- 
vantage. A chemist on taking his first 
degree should not be expected to have an 
encyclopaedic knowledge of chemistry, 
but should in the first instance have a 
basic knowledge of the main branches of 
chemistry, and of the principles upon 
which they depend. The relatively small 
amount of factual knowledge imparted 
during a degree course must be balanced 
by adeeper appreciation of basic principles. 

Nearly all the fundamental principles 
with which we are concerned have arisen 
from advances in physics, and they are 
abstract in nature. The ability to ap- 
preciate abstract thought develops slowly. 
For example, it is often found that an 
appreciation of the status and value of 
thermodynamics comes only after years of 
study and experience in handling thermo- 
dynamic problems. We may adopt two 
extreme points of view: either that a 
student is incapable of abstract thought in 
his early years at the University, and so he 
should not be introduced to abstractions 


1 An extended essay on this theme is to be found 
in “ The Structure of Physical Chemistry ” by Sir 
Cyril Hinshelwood : the treatment in this book, is, 
however, rather more advanced than that envisaged 
here. 


until the later years ; or that the earlier 
such abstractions are introduced, the 
more opportunity a student has of under- 
standing their value by the end of his 
Honours Course. I incline to the latter 
view. We then have to face the conse- 
quent problem of deciding upon the 
form in which these concepts should be 
introduced. 

In the first place we must recognise that 
a full mathematical discussion of theor- 
etical chemistry is not possible in an intro- 
ductory course. We have also to face the 
problem that many fundamental theories 
when presented in an elementary fashion 
involve half-truths which, if applied in- 
cautiously by the student, can lead to 
serious confusion ; but this is part of the 
price to be paid for an attempt to break 
away from the teaching of chemistry as an 
assembly of facts. 

Furthermore, when, later on, the student 
meets a theory in its full development, the 
rigorous discussion may involve the rejec- 
tion, or considerable modification of ideas 
implanted earlier. This is not always a 
serious objection. The student must be 
prepared to develop his ideas throughout 
his training. It is no disadvantage that 
some ideas must be considerably modified, 
and a few dropped altogether, for this 
evolutionary process is characteristic of 
the development of science as a whole. 
What is important is that the ‘ elementary 
ideas ’ must not be completely misleading. 
They must encourage critical and con- 
structive thought ; and when they are 
discarded this must be because the more 
mature mind can now dispense with such 
preliminary scaffolding. At all costs we 
must avoid giving the impression that 
chemical theory is to be treated caprici- 
ously ; to be used when convenient and 
ignored when it gives the wrong answer. 

I now wish to pass to a short discussion 
of the role which models can play in 
imparting some of the principles of 
chemistry at an early stage in a chemistry 
course.” 

The object of such models is to provide a 
bridge between everyday experience of the 
behaviour of macroscopic systems, and the 


2 A representative selection of models designed 
to facilitate the teaching of chemical principles was 
exhibited in the Chemistry Department of the 
University of Bristol during the B.A. meeting. 
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abstractions of modern theory, so that in 
effect the abstractions are introduced dis- 
guised in a material form. It is important 
to be quite clear about this objective. 
With a few exceptions, models are not 
intended to be actual representations of 
the molecular state of affairs; they are 
aids to thinking. To use another meta- 
phor, their purpose is to lower the mental 
barrier between concrete and abstract 
thought. 

The value of models of this kind depends 
on the student ; the brilliant student will 
have no need of them and he may in some 
instances find them a distraction. On the 
other hand, those who find the mathe- 
matical approach difficult to follow will, I 
believe, find it valuable to have the basic 
ideas explained in simple terms before 
they are dressed up later on in mathe- 
matics. This may be particularly true 
of the student whose outlook is primarily 
biological. 

Finally, before discussing more specific 
points, one of the major difficulties in 
designing and presenting models should 
be emphasised : a model may often appeal 
to those who already understand the ab- 
stract principle, while conveying little or 
nothing to the uninitiated. A proper 
assessment of the success or failure of these 
models cannot be made until those who 
were introduced to them in their early 
training have matured and can look back 
on the influence of these models on the 
development of their understanding of 
chemistry. 

These remarks may be illustrated by 
two groups of models. The first is con- 
cerned with the explanation of the basic 
principles of quantum theory, and their 
application to spectroscopy and to the 
electronic structure of atoms. 

The basic concepts which have to be 
appreciated are the following : 


(1) A system of atomic nuclei and electrons is 
stable only in certain states of well-defined 


energy. 

This is perhaps best stated axiomatically, 
the justification in terms of wave equa- 
tions, and the associated models (vibrating 
string or vibrating plate) being left until 
later. In effect we employ the Bohr 
theory in its simplest form, according to 
which the electrons are constrained to 
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move in certain orbits around the central 
atomic nucleus. 

In the hydrogen atom, which has only 
one electron, the simplest allowed orbits 
are a set of circular orbits of prescribed 
radii. The energy of an electron increases 
with the size of its orbit. At low tempera- 
tures the atom normally exists in the state 
of lowest energy (ground state), with the 
electron in the smallest orbit. 

Addition of energy can raise the atom 
into excited states, but the energy possessed 
by the atom in these states is limited to 
values corresponding to the possible orbits. 
These allowed values of the energy are 
called energy levels, and are numbered con- 
secutively from 1 upwards; these num- 
bers are called the principal quantum 
numbers. ‘To provide a model of this we 
require to introduce the quantisation 
artificially. 

The motion of the electron may be 
represented, Fig. 1, by the rotation of a 


Ficure 1 


stud (A) which slides in a radial slot in a 
disc (B) and is held to the centre of rota- 
tion by springs (C, C’). As the energy 
supplied to the motor is increased, the 
orbit of the ‘ electron’ becomes larger. 
By providing a control resistance having 
only a limited number of contacts, the 
situation in quantum mechanics can be 
illustrated, where only certain orbits are 
stable. 
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(2) Electromagnetic radiation combines in some 
measure the properties of both the Huyghens 
wave theory and the Newtonian particle 
theory of light. 

Electromagnet radiation comprises y- 
rays, X-rays, ultra-violet rays, visible 
light, infra-red rays, radar waves and 
radio waves. According to the quantum 
theory of radiation, these consist neither of a 
stream of particles (Newton) nor a con- 
tinuous train of waves (Huyghens) but 
combine something of both these concepts. 
A beam of light may be thought of as a 
stream of wave packets, or photons. Each 
wave packet is characterised by a frequency 
(v) (or by the corresponding wavelength) 
which determines the ‘colour’ of the 
radiation and each carries a definite 
amount of energy (a quantum of energy). 
This amount of energy is proportional to 
the frequency : 


where h is a universal constant (Planck’s 
constant). 

Thus each photon of red light carries a 
smaller amount of energy than a photon 
of blue light. y-rays have the highest 
energy and radio waves the least. A 
simple model to bring out this idea may 
be arranged in the way shown in Fig. 2. 
A lantern slide (A), representing the 
‘ wave form ’” of a photon is projected, via 


a rotating octagonal mirror (B), on to the 
back of a translucent screen (C). When 
the mirror is rotated rapidly, a continuous 
‘beam’ of light is seen crossing the 
screen ; but if the mirror is slowed down, 
then the particular nature of the ‘light’ 
is revealed. The relationship between the 
frequency of the wave form and colour 
may be illustrated by having three slides, 
one red, one yellow and one blue with 
‘ wave packets ’ of different frequencies. 


(3) For an atomic or molecular system to be 
raised from one energy level to a higher one, 
a quantum of exactly the right energy is 
required. 


(4) The radiation emitted when a system falls 
Srom one energy level to a lower one, is of the 
same frequency as that which is absorbed 
when the system is raised from the lower to 
the higher level. 


These rules governing the absorption 
and emission of energy by an atomic or 
molecular system can be illustrated by 
means of either of the models shown in 
Figs. 3 and 4. In Fig. 3 the model can 


FicureE 3 


exist in various energy levels, depending 
on whether the ball (A) is in the lowest 
position or on one of the platforms. To 
raise the model from the state of lowest 
energy (ground state) to a higher level, 
energy is supplied by means of a com- 
pressed spring (B). If the energy im- 
parted to the ball is exactly equal to the 
gravitational energy difference between 
the ground state and one of the platforms, 
the energy supplied will be used up ex- 
actly when the ball has reached the plat- 
form and the ball will come to rest there. 
If the energy quantum does not fit any 
energy difference, then the ball will not 
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come to rest on a platform. Similar con- 
siderations apply to Fig. 4 where the 
hollow soft iron ball (A) is propelled up- 
wards in a glass tube by the lever device 


Ficure 4 


(B) and is held in the higher energy states 
by electromagnets (C) ; only when the 
ball comes to rest opposite a magnet will 
it be retained in the higher level. 

Expressed now in atomic terms we say 
that, for an atom to pass from the ground 
state to some higher state (excited state), 
energy must be supplied, for example, in 
the form of radiation. 

When light interacts with an atom, the 
consequences depend both on the wave- 
length of the light and the characteristic 
energy levels of the atom. Ifthe quantum 
of energy carried by one photon is exactly 
equal to the energy difference between the 
ground state and one of the higher energy 
levels, then it may be absorbed ; if not, 
then, although interaction will occur lead- 
ing to a reduction of the velocity of the 
light, the atom will not be raised to an 
excited state. (Although the exact fit of 
the energy difference between two levels 
and the quantum is necessary for absorp- 


tion of energy, this is not always sufficient ; 
certain relationships between the sym- 
metry of the orbits must also be satisfied.) 

If white light (consisting of a mixture 
of photons of varying wavelengths) is 
passed through a substance, then of those 
quanta which exactly fit the energy level 
differences of the substance concerned 
some will be absorbed, while the rest will 
pass through. When the transmitted light 
is examined with a spectroscope, the 
spectrum will exhibit dark lines corre- 
sponding to the wavelengths of the light 
which has been absorbed ; an absorption 
spectrum is formed. 

Conversely if atoms or molecules are 
excited either by heating to a high temp- 
erature, or by an electrical discharge, or 
by chemical reaction, they will emit light 
of characteristic wavelengths when they 
return to the ground state: an emission 
spectrum is formed. 

When an electron in an excited state 
falls to the ground state, the energy is 
carried away as a photon of the same 
energy, and hence of the same frequency, as 
that required to excite the electron to that 
state. Absorption and emission spectra are 
therefore complementary to one another. 
Since the energy levels of a substance are 
specific characteristics of that substance, 
spectrographic methods are of great im- 
portance in analytical techniques. 

The phenomenon of fluorescence occurs 
when the atom or molecule absorbs radia- 
tion and gives out only part of that energy 
by falling not to the ground state, but 
to some intermediate state. The under- 
lying principle can be illustrated by Fig. 4. 

e top ‘energy level’ of this model is 
accessible via a non-return trap (D) ; 
when the model has been raised to this 
level, direct return to the ground state is 
‘ forbidden ’ and when energy is emitted 
the ball falls into the side tube (E) to a 
state of intermediate energy. Since the 
quantum of energy emitted in this step is 
smaller than that required to raise the 
system to the higher energy level, the 
emitted light will be of longer wavelength 
than that absorbed. Thus the colour of ° 
the fluorescence is redder than that of the 
incident light. In the most striking ex- 
amples of fluorescence, ultra-violet light 
which is invisible to the eye is absorbed, 
and visible light is emitted. 
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The phenomena whose existence de- 
pends on these principles are all readily 
demonstrated in the laboratory, and 
should be made familiar to all students. 

The full explanation and interpretation 
of many of these phenomena belongs to 
the more advanced course ; but the basic 
ideas of, for example, resonance absorp- 
tion and fluorescence are readily under- 
stood, although they are not usually 
discussed in an elementary course. 

Once the idea of energy levels has been 
understood we are in a position to state 
that each orbit can accommodate two 
electrons (Pauli principle). (Whether or 
not we introduce the ideas of electron spin 
and the space orbital picture at this stage, 
or later, is not of great importance. In 
the present discussion I shall continue to 
use the Bohr concept of electron orbits.) 

We can then talk of the classification of 
orbits (or orbitals) in terms of their geo- 
metrical shapes, and in terms of their 
relative energies. It may be explained 
briefly how the numbers of available 
orbits of the various kinds follow as a direct 
result of the mathematical theory ; but 
that the relative energies cannot be de- 
duced rigorously and in any case differ 
from atom to atom. 

The aufbau principle can then be ex- 
plained readily in terms of the model 
shown schematically in Fig. 5. The energy 
levels of the various possible orbitals 
(s, p, d, f) in each of the main quantum 
shells (K, L, M, N, O, P, Q) are repre- 
sented by platforms arranged roughly in the 
order of their relative energies (the exact 
order depends on the number of orbitals 
filled by electrons). These platforms are 
joined by ramps (shown dotted in Fig. 5). 
When a ball bearing is inserted at the top 
of the model (A) it runs down to the 
lowest available level. The first ball occu- 
pies the space marked H and the model 
then portrays the electronic structure of 
hydrogen ; the second ball occupies the 
space marked He, and so on. A simple 
mechanical device prevents more balls 
entering any level which is already filled. 
The successive filling of energy levels can 
thus be illustrated and the electronic con- 
figuration of an atom containing a given 
number of electrons may be built up on 
the model. Because of the close spacing 
of the higher levels, and the dependence 


of the relative energies of the levels on the 
number of electrons in the atom, this 
model does not always give quite the 
usually accepted configuration. Thus it 
gives copper the configuration 17.2 in the 
outermost shells rather than 18.1, and the 
details of the rare earth configurations 
may not be quite correct. Nevertheless 
this model brings out strikingly the way 
in which the rare earths (lanthanide) and 
the actinide series are accommodated ; it 
serves, in fact, as another form of the 
periodic classification of the elemerts. A 
more detailed description of this model is 
being submitted for publication elsewhere. 

A second major problem is concerned 
with the teaching of thermodynamics, and 
the use of models in conveying some of its 
fundamental ideas. 

In the past, thermodynamics has usually 
been taught from the purely physical and 
engineering standpoint. Exposition of the 
first and second laws of thermodynamics 
has always been regarded as the route to 
be followed in an introductory course. For 
chemistry students this is not necessarily the 
best approach, for by the time these two 
laws have been properly explained the 
chemist is usually completely at a loss as 
to the value of thermodynamics to him. 
A much more useful first course can, I 
believe, be developed by regarding the 
Sree energy of a system as the property on 
which to focus attention. 

It may be stated that the principles of 
thermodynamics lead to the conclusion 
that a physico-chemical process will take 
place spontaneously at constant tempera- 
ture if a quantity called the free energy of 
the system is thereby decreased. Thus the 
free energy plays the same part in deter- 
mining the equilibrium states of physico- 
chemical systems as does gravitational 
energy in mechanical systems in which 
masses are acted on by the earth’s field. 
This analogy is immediately available to 
illustrate the way in which thermo- 
dynamics works. 

The definition of chemical potential can 
now be introduced immediately by stating 
that : 

When a substance is added to a one- 
phase system it increases the free energy 
by an amount proportional to the mass (or 
number of moles) of substance added ; 
the proportionality factor for the addition 
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of an infinitesimal quantity is called the (2) the chemical potential of a com- 
chemical potential (u) of the added sub- ponent of a solution (gas, liquid or 
stance. solid) depends in addition on the 
(Change in free energy on adding sub- composition ; 
stance X) = (Chemical potential of X) while the laws of thermodynamics show 

Xx (number of moles added). that : 
It may be then stated dogmatically (3) the change of chemical potential 
that : with temperature is equal to minus 
(1) the chemical potential of a pure the contribution of the substance to 
solid or liquid is determined by the the entropy of the system.* Since 
temperature only (pressure has a this contribution is always positive 
small effect which is occasionally for pure substances, and usually 
important), that of a pure gas de- positive for substances in solution, 


pends also on the pressure ; 1 Strictly the partial molar entropy. 
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the chemical potential usually decreases 
with increase in temperature ; 


(4) for a phase to be stable the chemical 
potential of each component must 
increase with its concentration. 


Problems such as the allotropy of sulphur 
can now be discussed simply using the 
gravitational analogy for free energy. 
The chemical potentials of each of the two 
forms are represented by two platforms 
(Fig. 6) ; the existence of the system in a 


J 


FIGURE 6 


given form is represented by placing a 
ball bearing on the platform corresponding 
to that form ; the possibility of transform- 
ation of one form to the other is repre- 
sented by the ramp joining the two plat- 
forms. The stable arrangement of the 
model is that in which the ball bearing is 
on the lower platform : the stable form of 
sulphur is that which, at a given tempera- 
ture, has the lower chemical potential, or 
lower free energy per gram molecule. By 
means of suitable gearing the two plat- 
forms may be made to move up or down ; 
that chosen to represent monoclinic sul- 
phur (M) moves more rapidly than the 
other, representing rhombic (R), corre- 
sponding to the fact that monoclinic sul- 
phur has a higher entropy than rhombic 
sulphur. At ‘low temperatures’ when 
the platforms are in their highest positions, 
the rhombic platform is lower than the 
monoclinic platform ; as the ‘ temperature 
rises ’ and the platforms fall, M overtakes 


and passes R. The platforms are level 
with one another at the transition tempera- 
ture and at higher temperatures mono- 
clinic is the stable form. This model 
brings out clearly the principle that a rise 
in temperature favours the allotropic form 
with the higher entropy. 

The variation of the chemical potential 
of a substance in solution can be repre- 
sented by the variation of water level in a 
vase (A) as the amount of water in the vase 
is altered (Fig. 7). A vase of the shape 
shown gives a roughly logarithmic varia- 
tion of level (chemical potential) with 
amount of water (concentration of solu- 
tion). The position of the vase may be 
defined by the water level when it contains 
an arbitrary standard amount of water 


L 


‘ 


FIGURE 7 


(standard water level or standard chemi- 
cal potential): the water level under 
other conditions (chemical potential of 
the substance in solution) depends on (a) 
the position of the vase (the standard 
chemical potential) and (4) the amount of 
water in it (the concentration). This 
analogy may be used to discuss the solu- 
bility of a solid, whose chemical potential 
in this case may be represented by a con- 
stant level water bath (B); the possibility 
of solution is represented by a syphon (C) 
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joining the two vessels. Equilibrium is 
achieved when water has flowed into the 
vase until the water level has reached that 
of the constant level bath : the chemical 
potential of the substance in solution equals 
that of the solid phase. The amount of 
water in the vase (concentration of the 
saturated solution) depends on the relative 
position of the constant level bath and the 
vase (the relative values of the chemical 
potential of the solid and the standard 
chemical potential of the substance in 
solution). For ideal solutions, the entropy 
contribution of a substance in solution is 
greater than that of the same substance in 
the solid state. The vase will fall more 
rapidly with increase in temperature than 
the constant level bath: the solubility 
must therefore increase with temperature. 

The prototypes of most of the above 
models were made by the late James 
Lackie and James Cathro of University 
College, Dundee; the actual models 
shown at the B.A. meeting were con- 
structed in the workshops of the Bristol 
University Chemistry Department. 

I wish to record my thanks to all those 
who have contributed to the design and 
construction of these models; and es- 
pecially to Mr. A. J. B. Cruickshank who 
has also prepared the drawings for this 


paper. 


TEACHING OF QuaANTUM MECHANICS 
TO CHEMISTS 


by 
Prof. C. A. Coulson, F.R.S. 


No greater change in chemical under- 
standing has ever taken place than that 
associated with the advent of quantum 
mechanics during the last thirty years. 
Now at last we can penetrate deeply to the 
reasons why chemical behaviour is what it 
is, e.g. why the carbon atom is tetrahedral 
and what are the forces that make a mole- 
cule stable. As a result no chemical edu- 
cation is worth considering at university 
level which fails to take account of this 
development. Yet quantum theory itself 
is too wide, and too complicated, to pre- 
sent to chemistry students. For practical 
purposes it seems as if wave mechanics 
must bear the effective emphasis. By 


comparison with other forms of quantum 
theory this is relatively simple ; and it 
makes more use of conventional ideas such 
as probability and solutions of differential 
equations. It has also been by far the 
most useful in relating pre-quantum con- 
cepts such as polarity and resonance to 
modern ideas and methods. 

So far as chemistry is concerned, wave 
mechanics is based most fundamentally on 
two concepts. Let us fix attention on these, 
even though other factors will eventually 
have to be considered. These two con- 
cepts are : 


(a) the idea of quantisation, 
(b) the description of electron prop- 
erties. 


Neither of them is likely to be obvious, 
despite the efforts of the popular Press. 
It seems absolutely necessary to resort to 
analogies, or models. Experience sug- 
gests that without these analogies and 
models there is little or no chance that the 
student will acquire a ‘ feel’ for modern 
interpretations. Yet (see later) the use of 
analogies and models is_ exceedingly 
dangerous and has often led to serious 
confusion. 

Quantisation can be approached by 
analogy with the familiar standing waves 
in a violin string ; or, in two dimensions, 
with Chladni’s figures. These must be 
coupled with the de Broglie relation 
= Alp between the wavelength and 
momentum p of a moving particle. But 
it will not be long before a serious—and 
unanswerable—question is put to us. 
With a violin it is the string that vibrates 
and carries the wave ; what carries the 
de Broglie waves? Perhaps all that we 
can say is that we are in the land of 
‘it is as if’; and in that land the verb 
‘to undulate’ does not need a subject 
noun. 

Electron properties—at least for the 
chemist—resolve themselves chiefly into 
probability distributions and spin. There 
seems no serious objection to using the 
idea of a charge-cloud, though we must be 
prepared to alienate the physicist if we 
neglect the notion of an electron as a 
particle. (In parenthesis let it be said 
that there is now nothing whatever in 
favour of teaching the old Bohr theory to 
chemists. It only confuses them, and 
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says nothing that quite simple wave 
mechanics cannot say. Again we part 
company from the physicist !) In dealing 
with charge-clouds the most important 
factor to stress is the shape (e.g. atomic s, 
p, d... orbitals, molecular o, x . 
bonds). It is entirely unimportant at this 
stage to relate these symmetry properties 
to magnetic effects, or to use complex 
wave functions. That will be necessary, 
ultimately, if we want to deal realistically 
with ionic complexes, and in the relation 
of bond character with microwave study 
and nuclear resonance ; but beyond a 
reference to the fact that as a rule complex 
wave functions correspond to progressive 
waves (and hence to currents and mag- 
netic moments) whereas real wave func- 
tions correspond to stationary waves, we 
are best to concentrate only on_ real 
functions. 

The spin of an electron presents quite 
serious difficulties. I believe there is no 
simple model or analogy that can be 
universally recommended. Certainly most 
attempts to provide one seem doomed 
to cause great confusion later. Physicists 
may be able to understand the vector 


model of an atom, since the concept of 
angular momentum as a vector quantity 
is a familiar thought-form to them. But 
it is far from familiar to the chemist, and 
I doubt if he should be expected to 


understand it. ‘The essential difficulty 
for the chemist is that electron spin is 
really a vector quantity, not more than 
one of whose components is simultaneously 
measurable. Thus we are tempted to 
deal only with this component. Such a 
policy works well for closed shells, and 
many other situations of interest to the 
chemist. But it also fails quite seriously. 
Thus if there is one electron in each of two 
orbitals (it makes no difference whether 
they are atomic or molecular orbitals) we 
can argue plausibly enough that to give 
spin « to each is to be led to one of the 
levels of a triplet, since the total spin is 
1 unit. But most people, when 
beginning the subject, and relying on their 
model, will assert that to give one electron 
spin « and the other 8 will necessarily lead 
to a singlet level for which the total spin is 
4—}=0. They will rightly protest 
that the model is letting them down when 
we tell them that this latter allocation of 


spins is really only an allocation of spin 
components in one particular direction, 
and may lead either to a singlet or a 
triplet. We must do our best with what 
always seems to me a very difficult 
subject. 

Fortunately for chemists, triplet levels 
are of much less frequent appearance, and 
lesser importance, than singlet levels. In 
any case, if we stress the notion of orbitals, 
we can provide a simple enough version 
of the Pauli Exclusion principle. All that 
we need is : 


(i) the concept of orbitals with an 
associated energy, 
(ii) the use of + and J to denote 
spin « or 
(iii) Hund’s rules for incomplete shells. 


It is most desirable that even if our future 
chemist is never going to make any direct 
use of the newer ways of calculating 
molecular properties, he should at any rate 
possess some slight familiarity with wave 
functions. Molecular wave functions are 
too complicated. But, for example, the 
lowest two energies of the hydrogen atom 
do provide a case that can be verified, 
and from which confidence is gained that 
more complete treatments for more com- 
plex systems would indeed give the right 
answer. I attach much importance to 
this, for the last thing that we want is to 
give the impression that wave mechanics 
is a modern form of magic. 

With molecules, on account of technical 
difficulties, I do not believe that the ordin- 
ary chemist can be expected to make any 
serious calculations, and he must there- 
fore fall back increasingly on simple 
analogies and concepts. Of these the 
criterion of maximum overlapping will 
inevitably play a leading role. In some 
respects it is as basic in chemistry as is the 
exclusion principle in physics. 

The above concepts, with the solitary 
exception of resonance, seem to represent 
about as much as the average university 
chemist should be expected to understand. 
In some respects this latter concept pre- 
sents more dangers than any of our earlier 
ones. But it is so fundamental that some 
sort of critique of it must be present in any 
course on wave mechanics. It has always 
seemed to me that the best way of treating 
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resonance is to forget all about its origin 
in physics. Nothing for example could 
be worse than the remark in one of the 
most famous text-books that in H,+ the 
electron switches over from one nucleus to 
the other, resonating with a frequency of 
about 7 x 10-™ sec. Nothing of the 
sort ‘happens’; any more than that 
Kekulé’s dynamic oscillation has been 
rephrased to imply a resonance from one 
Kekulé structure to the other with a fre- 
quency about 5 x sec}. Whatever 
else it is, resonance is not a ‘ phenomenon ’: 
it is a way of speaking. This is why its 
name is against it, and the concepts of the 
physicist are, for us, exceedingly danger- 
ous. Our approach is quite different : 
we begin by noticing that, on chemical 
grounds, there are often reasons for be- 
lieving that the true state of a molecule has 
properties similar to those associated with 
a wave function ,, and other properties 
similar to those associated with ,. The 
principle of resonance is now equivalent 
to the claim that one plausible approxi- 
mate wave function will be of the type 
» = + where C,, C, are con- 
stants. It may be explained that this is 
one way, among many others, in which 
the mathematical formulation does little 
more than translate chemical intuition and 
chemical feeling and experience into a 
logical and almost quantitative form. The 
sooner a recognition of this situation creeps 
into the mind of the student, the more 
easily and naturally will he look at the 
whole subject. Even in the simple form 
above we can deal with covalent-ionic 
resonance, with certain types of chemical 
reaction, with aromatic compounds and 
much else. A proper approach to all this 
will stress that resonance is only one way 
of representing a complex molecular situa- 
tion in terms of simpler concepts and 
models. It should save us from the temp- 
orary confusion into which, a few years 
ago, the Russian school of chemistry was 
led. It should save us also from the 
dangers of a too facile use of resonance. 
For example, it should never be possible 
for a chemist to write: ‘since there is 
more resonance in nitrobenzene (I) than 
in benzene (II), therefore it will absorb 
more in the red.’ Yet such things are 
said repeatedly, even now, in research 
papers. No wonder that in the many 


cases where this does not happen, e.g. 
fulvene (III) and benzofulvene (IV) 
people have to speak of an ‘ anomalous’ 
effect. 


(1) (I) (111) (IV) 


Yet the different directions of the change 
in absorption are both natural. Neither 
is anomalous. 

I have already mentioned our predica- 
ment, that we must make extensive use of 
models and analogies, and yet these models 
and analogies are full of traps and pitfalls. 
Two examples of this must appear, at least 
as indications of the spirit of our enquiry, 
in any account of wave mechanics. Both 
are associated with the failure of the con- 
cept of atomic (or molecular) orbitals. 
They are (i) configuration interaction and 
(ii) o—n mixing. We are almost com- 
pelled to build up our theory on the 
assumption of orbitals to describe the 
possible electron patterns, and on the 
concept of ‘ filling ’ these orbitals with one 
or, perhaps, two electrons. Yet if we in- 
sist on this we deny ourselves the possi- 
bility of explaining some of the most 
interesting absorptions of light, giving 
characteristic colour to compounds. For 
the powerful concepts of symmetry only 
relate to the total wave function: they 
say nothing about the symmetry of the 
individual elements out of which this wave 
function is built. As soon as we speak 
about individually occupied orbitals, we 
say more than we have any right to say. 
In short, we are compelled to allow the 
co-existence of several different allocations 
to the permitted orbitals, i.e. we are com- 
pelled to introduce the mixing, or inter- 
action, of configurations. This idea is not 
easy to convey, for it seems as if we end by 
destroying the very ladder by which we 
climbed. What it really means is that 
the simple model is leading us seriously 
astray. 

The second example of this failure is in 
the field of organic chemistry. We are 
accustomed to systematise the reactions of 
conjugated and aromatic compounds by 
means of the appropriate distribution and 
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redistribution of the -x-electrons. On 
account of their differing symmetry from 
the o-electrons we treat them separately. 
Indeed we usually draw a x-bond as if the 
charge-cloud were well separated from the 
s-bond cloud, as in (V). This conven- 
tional diagram is wholly false, and it re- 
sults from our attempted simplification. 
The truth is that, insofar as it is allowable 
to speak of o- and x-electrons, the density 
of the o-cloud in an aromatic molecule is 
almost everywhere greater than the den- 
sity of the x-cloud. So in chemical re- 
actions there is no real ground for dealing 
only with the one type. 

These examples—or others similar to 
them—deserve a place in any course on 
wave mechanics, because they show the 
limitations, and of course the success, of 
‘wave mechanics for chemists.’ Let no 
one ever be taught that wave mechanics 
will give the answer that a decently 
thought-out experiment cannot provide. 
There are such situations, but they are 
rare. Wave mechanics aims at giving 
insight—understanding—sympathy, in the 
old-fashioned sense of that word. It may 
be, and it has already shown itself to be, a 
most valuable conceptual tool, which 
most elegantly transcribes chemical no- 
tions into mathematical symbolism. But 
no electronic computer ought ever to 
replace a chemical laboratory. 
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THe TEACHING OF MODERN VALENCY 
THEORY IN SCHOOLS 


by 
G. I. Brown 


As a teacher my job is to try to understand 
scientific developments and to interpret 
and present them in simplified form to the 
uninitiated. In doing this it is important 
that there should not be undue delay in 
incorporating new advances into school 
teaching. With science developing at such 
a rate it is, of course, no easy job for a 
teacher and, far too often, the same old stuff 
is thought to be adequate. 

There are various reasons for this but I 
would like to mention one. There is, I feel, 
too little liaison between active teachers in 
schools and universities regarding what 
to teach, how to teach it and when to 
teach it. 

For this reason I welcome this oppor- 
tunity to take part in this discussion on the 
teaching of chemical principles in schools 
and universities. Another reason why I 
welcome this discussion is that it puts the 
emphasis on teaching when we are, in 
these days, so often led to believe that 
research with a capital R is the one and 
only thing worth doing. The importance 
of research cannot be overestimated, but 
teachers of science have a vital part to play 
in the general scheme of things. Would 


that 
teach 
youn; 
we ing i 
: soon 
Any 
has ¢ 
are S 
= be { 
trial, 
phys 
ethic 
(V) tion 

way 
deav 

| 
It 
all t! 
af deci 
is te 
time 
app! 
stres 
: tend 
imp 
cern 
: wea 
: T 
gene 
coul 
stud 
invc 
mer 
not! 
gint 
app 
gair 
forr 
ioni 
T 
ther 
whi 
ifa 
tior 
the 


The Teaching of Chemical Principles in School and University 


that there were more of them and that 
teaching had the same attractions for the 
young graduate as research has. 

One of the suggested reasons why the 
great majority prefer research is that teach- 
ing is a dead-end job and that all teachers 
soon settle down into a well-worn rut. 
Any teacher of chemistry who does this 
has only himself or herself to blame, and 
cannot be a very good teacher. For there 
are SO many ways in which chemistry can 
be presented and the requirements of 
different students and different classes are 
so very varied. 

The very least requirement is that the 
course should give some indication of all 
the aspects of chemistry. The historical, 
the experimental, the factual, the indus- 
trial, the speculative, the heuristic, the 
physical, the biological, the medical, the 
ethical, the economic and the examina- 
tion aspects must all be treated in some 
way or another. And anyone who en- 
deavours to do this cannot stay for long 
in a rut. 

It is, nevertheless, impossible in the time 
available to do anything like full justice to 
all these aspects, and every teacher has to 


decide on the essential type of course he 


is to present. Fashions change. At one 
time the emphasis was on the heuristic 
approach ; today there is a tendency to 
stress the social and economic aspects, a 
tendency which can too easily give the 
impression that chemistry is solely con- 
cerned with such things as nylon under- 
wear and plastic utensils. 

To my mind, and I think there is 
general agreement on this, the basis of the 
course to be taken by serious sixth-form 
students must be theoretical and must 
involve a fairly thorough study of funda- 
mental chemical principles. There is 
nothing very new in this, for since the be- 
ginning of the century the ‘ physical’ 
approach to chemistry has continually 
gained ground, and, today, most sixth- 
form courses are based on atomic theory, 
ionic theory, molecular theory and kinetic 
theory. 

These theories and the extensions from 
them provide some sort of framework 
which unites the whole of chemistry. But 
if a framework is required, and if unifica- 
tion is desirable, then modern valency 
theory provides the best opportunity. 


And it is with the use of modern valency 
theory that this paper will largely be 
concerned. 

The point of greatest importance is that 
modern valency theory begins to make 
sense of chemistry. However it is pre- 
sented, chemistry below the sixth form 
cannot fail to consist very largely of the 
routine learning by heart of a very large 
mass of apparently unconnected facts. 
Some degree of classification and general- 
isation is usually attempted if only as an 
aid to the memory, though I think more 
could be done in this respect. There is a 
sprinkling of chemical theory—often lead- 
ing to such statements as the schoolboy 
howler that atoms are blocks of wood in- 
vented by Dr. Dalton. This, of course, is 
one of the dangers which comes from 
using models. There is, too, some effort 
to inculcate scientific methods of working 
and thinking. But, in the main, it is the 
facts—the ‘ natural history ’ of chemistry 
—which count. It is, in a sense, like 
learning the vocabulary of a language ; 
perhaps a little grammar is thrown in, but 
the student rarely gets as far as sentence 
formation. 

Much of this is almost unavoidable 
below the sixth form and young boys 
make no objection to learning the facts 
and have little or no difficulty in so doing. 
Many of the facts are of great interest 
to a scientifically-minded boy, and it 
is possible to illustrate and derive many 
of them by demonstration experiments. 
What is difficult, at this stage, is to exer- 
cise the mind of the student in the same 
way as it is exercised in the learning of, 
say, mathematics or Latin. 

There comes a time, however, when a 
boy is no longer satisfied with learning 
what appears to be an inexhaustible list 
of preparations, properties and uses. The 
boy begins to ask more fundamental 
questions, and his mind must be stimu- 
lated and developed by something more 
than a mere catalogue. He wants to be 
able to see how all the facts fit together 
and why chemical substances behave as 
they do. Any sixth-form course in chem- 
istry should be designed to encourage this 
type of thinking. 

I make no pretence that modern valency 
theory can answer all the questions, for 
the more fundamental and simple the 
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question the more difficult it is to provide 
an answer. Although such enormous 
strides have been made in the experimental 
and technical aspects of chemistry there 
is relatively little real understanding of 
many important phenomena. Catalysis 
provides a good example. 

Valency theory makes a start in tackling 
these fundamental questions. Why is it 
that A and B will react to form C, whilst 
X and Y will not react? Why do A, B 
and C behave as they do? And so on. 
Once one starts asking questions begin- 
ning with Why, there is a very long list. I 
have never failed to notice the enlighten- 
ing effect on a class, as they become aware 
for the first time of some of the ways in 
which valency theory can be applied to 
simple chemical problems. 

In making sense of chemistry, valency 
theory encourages thought and discussion. 
Chemistry is often criticised as a school 
subject on the grounds that it can be 
learnt simply by perseverance and hard 
work, and that it involves too little think- 
ing. The introduction of theory cannot 
be brought about without increasing the 
thoughtful effort to be made by a student, 
and anything which makes a student 
think for himself is to be encouraged. 
Applications of valency theory require a 
careful consideration of all the pros and 
cons, a wide view must be taken, and 
a shrewd judgment is often necessary. 
Chemistry is no longer cut and dried ; it 
becomes a live subject. 

I do not want to give the impression 
that every difficulty is resolved simply by 
thinking in terms of modern valency 
theory. This is far from so, and the intro- 
duction of valency theory into school 
courses has been criticised and certainly 
brings its own difficulties. 

Some say that it ought to be left to the 
university and that schools ought to con- 
centrate on giving a firm, basic grounding 
of factual knowledge. It is said that 
students going to the university know 
very much less chemistry than they used 
to do, and that some think they know all 
about modern theories without knowing 
any of the facts which the theories are 
expected to account for. 

There is no doubt that one of the real 
difficulties in planning a school course in 
chemistry is the problem of keeping a 
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correct balance between what I might 
call factual and theoretical information. 
Time is severely limited, and I don’t 
suppose any schoolmaster does everything 
he wants to as thoroughly as he would 
like. If some aspects of valency theory 
are included in a school course there is 
less time available for something else, and 
the amount of factual, descriptive chem- 
istry covered is almost certainly decreased. 
I myself think this is no bad thing. Many 
examination syllabuses seem to require a 
knowledge of many chemical compounds 
and reactions which have very little 
significance and many chemistry courses 
contain a lot of dead wood which is kept 
simply to meet outmoded examination 
requirements. An examiner writing in 
the School Science Review, has recently 
claimed that examination scripts show 
that candidates cannot think clearly and 
do not understand underlying theory. It 
is very easy to blame the examiners for 
all the faults of school teaching, but if the 
questions they set in their examinations 
are mainly factual then most of the teach- 
ing in schools will be mainly factual. 
This same examiner suggests as an answer 
to the question ‘What do you observe 
when red lead is heated ?’ the statement 
that ‘it turns black, melts to an orange 
liquid at a higher temperature, and on 
cooling sets to a yellow solid.’ I do not 
criticise the answer, but the question 
ought not to have been asked. It no 
doubt separates the candidates into two 
categories, but no enthusiastic 16-year-old 
boy ought to be asked to memorise the 
details of phase and colour change which 
the examiner was looking for. There are 
more important things to learn. The 
quickest method of changing the character 
of school teaching is to change the examin- 
ation syllabuses, and I do not think exam- 
iners use their opportunities to the best 
advantage. Science progresses rapidly 
but the examination syllabuses change 
too infrequently, and, when they do 
change, it is usual simply to add on a few 
more topics without discarding anything. 
There is too little selectivity. 

The impossibly long syllabuses drawn 
up for school teaching would not, in 
themselves, be so bad if it were not for the 
fact that they are coupled with such a 
meagre choice of questions in examination 
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apers. An easy and immediate answer 
to this problem could be arrived at if 
examiners were prepared to extend the 
choice of questions. A teacher could then 
use his own judgment as to how to select 
from the official syllabus. 

I would very much prefer to present a 
course in chemistry which was compre- 
hensible than one which was compre- 
hensive. Valency theory, as I have been 
at pains to point out, leads to some degree 
of comprehension, and if some of the facts 
have to be passed over I do not think 
much is lost in relation to what is gained. 

The shorter time available for the 
teaching of chemical facts will, too, I 
believe, lead to improved methods of 
presenting the essential facts in terms of 
broad generalisations. My own view is 
that the conventional method of teaching 
inorganic chemistry almost exclusively in 
relation to the periodic table is bettered 
by a presentation based on what might 
be called the ‘ Ephraim’ style. There is, 
I feel, very much to be said for treating 
inorganic chemicals as types. If this is 
done, hydrides, oxides, acids, salts and 
other types begin to correspond to the 
homologous series of organic chemistry. 


By superimposing a periodic table view- 
point on to this idea of chemical types it 
is, I think, possible to present inorganic 
chemistry in a much more orderly and 
understandable way. 

A second criticism of modern valency 
theory is that it is too mathematical for 


school sixth-formers. Any rigid and de- 
tailed considerations would undoubtedly 
be too mathematical, particularly for a 
biology student who might not study any 
sort of advanced mathematics, but that 
also goes for many other topics which 
have been taught in schools for a long 
time. I do not want the treatment of 
valency theory in schools to be rigid and 
detailed. The aim should be to give the 
outlines of the theory, to show how the 
theory can account for chemical pheno- 
mena within the ken of the student, and 
to stimulate thought and discussion. The 
treatment should be entirely introductory 
so that any student going on to a univer- 
sity is in a position to begin to appreciate 
more complicated aspects. 

The introductory nature of the course I 
have in mind, coupled with the necessity 


of limiting the mathematics, does, I know, 
mean that the presentation of valency 
theory has to be somewhat dogmatic. I 
would only claim that no more dogma is 
required in the treatment of valency 
theory than in that of almost all other 
branches of chemistry. And no one will, 
I hope, attempt to pretend that modern 
valency theory is the truth, the whole 
truth and nothing but the truth. Em- 
phasis must be laid throughout on the fact 
that this is a man-made theory put 
forward in a serious and worthwhile 
attempt to gain a real insight into the 
nature of chemicals and their reactions. 

What I have said so far has been of a 
very general nature. I would like to close 
by outlining in brief what seems to me to 
be the best method of dealing with valency 
theory in teaching it to intelligent sixth- 
formers. 

A short historical introduction should 
set the scene, and this should be followed 
by a treatment of atomic structure. There 
is a very real difficulty here, for the whole 
magnificent story of the elucidation of 
atomic structures is a long one and it is 
not one which can be related at all quickly 
or concisely. If there is time it ought to 
be covered fairly thoroughly, for so much, 
in these days, is dependent on it. If time 
is short, the essential thing from a chemi- 
cal point of view is to lay the emphasis 
on the arrangement of the extra-nuclear 
electrons, some attention being paid to 
the particle-like and wave-like nature of 
the electron. If necessary the presenta- 
tion can be on the following lines: ‘ Many 
experiments, carried out over a period of 
years by many scientists, have led to the 
conclusion that electrons have the follow- 
ing arrangement within an atom. Let us 
accept this as a working hypothesis and 
see if it is in any way helpful in under- 
standing chemistry.’ This is by no means 
ideal, but it is brief. The whole difficulty 
in teaching in schools might be sum- 
marised in the statement that it is not 
possible to be both concise and detailed or 
both simple and accurate. As someone, 
unknown to me, so aptly said: ‘Some of 
the dangers in building a house before 
the foundations are laid can scarcely be 
avoided in any introductory course unless 
the first chapter is interminably long.’ 

Once the idea of the way in which 
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extra-nuclear electrons are arranged with- 
in an atom is established, the way in which 
the electrons interact in the formation of 
chemical bonds follows. As a start, I feel 
it is best to treat ionic, covalent and 
dative bonds as distinct types. 

The ionic bond presents relatively few 
difficulties, for electrostatic attraction is 
an established conception. The ionic 
bond gives the ion its rightful place in 
chemistry, for in elementary courses it 
usually plays a much smaller part than 
the atom or the molecule. Consideration 
of ionic bending immediately clarifies a 
wide range of well-known and simple 
chemical knowledge. In particular it 
leads to a study of crystal structure. For 
some reason—possibly connected with the 
making of models—structural problems 
of almost any kind are to a boy’s liking, 
and most boys are fascinated by crystal 
growth throughout their course. 

The conception of the covalent bond 
is more difficult, for it is not readily 
apparent why a covalent bond should hold 
two atoms together. Some treatment of 
resonance and of molecular orbitals is 
necessary. It is here that the mathe- 
matical difficulties are at their greatest 
and it is not at all easy to build up any 
valid pictorial representation. I believe, 
nevertheless, that a useful qualitative idea 
of the conceptions of resonance and mole- 
cular orbitals can be ‘got across’ in 
schools, and that such an idea is immedi- 
ately useful, and must of necessity precede 
any more detailed treatment. 

There is a difference of opinion as to 
whether the dative bond ought to be 
treated separately or be regarded as a 
covalent bond. In my experience, the 
best results are achieved by treating it at 
the start as a separate type of bond. May 
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I say, in passing, what a great help it 
would be to a student of valency theory if 
there could be some more general agree- 
ment as to the names used. It is most 
unhelpful when the same thing is called 
a dative bond, a co-ordinate bond, a 
semipolar double bond, a co-ionic bond, 
or simply a covalent bond. I stick to 
dative because I believe this was the name 
finally used by the late Professor Sidgwick 
to describe the bond which, I think it is 
true to say, he first thought of. 

The course so far outlined is very lacking 
in experimental background, and, if time 
is available, this background should be 
filled in by a consideration of experi- 
mental methods and results. 

There are many who claim that what 
can be taught about modern valency 
theory at a school level is of no value and 
that it is better to spend the time on 
something else. I do not agree. It 
seems to me that the only hope of main- 
taining inorganic chemistry as a school 
subject of any interest or educational value 
is to present it more and more from the 
valency point of view. It is from this 
point of view that inorganic chemistry 
appears in its greatest simplicity and that 
is the viewpoint for which every teacher 
must strive. 

That the advantages of teaching valency 
theory outweigh the disadvantages is 
shown, I think, by the ever-increasing 
extent to which it is being taught and by 
the advent of books giving due considera- 
tion to valency matters. This change in 
method of teaching chemistry in schools 
is already well under way. The next 
stage, which opens up many interesting 
possibilities, will be to introduce electronic 
considerations into the school-teaching of 
organic chemistry. 
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THE TRAINING OF THE PHYSICIST 


Section A (Mathematics and Physics) and Section L (Education) devoted the morning 
of Monday, September 5, 1955, at the Bristol Meeting of the British Association, to a 
joint discussion on the training of the physicist. Sir Philip Morris, Vice-Chancellor 
of the University of Bristol, opened the discussion with a paper on ‘A scientific education.’ 
Professor N. F. Mott, Director of the Cavendish Laboratory, Cambridge, then dealt 
with specialisation in school and university. He was followed by Professor F. A. Vick 
of the University College of North Staffordshire, who presented a paper entitled ‘Educa- 


tion through physics’. 


Dr. A. W. Barton of the City of London School presented the 


last of the invited contributions in a paper on the function of the school in discovering 


and training physicists. 


The four papers are printed below in the order in which they were delivered. 


A Screntiric EDUCATION 
by 
Sir Philip Morris, C.B.E. 


T. H. Huxley gave an address entitled 
‘Science and Culture’ in 1880 and it 
will be found in a volume of essays by 
T. H. Huxley on Science and Education 
which was published in 1910. All the 
essays in this volume are relevant to the 
subject of discussion at this meeting and 
I make no apology for the references which 
I propose to make to this particular ad- 
dress, which was delivered, as I have said, 
seventy-five years ago. 

In this address, Huxley refers to the 
foundation of Mason’s College. Having 
noted that Sir Josiah Mason left con- 
siderable freedom of action to the Trustees 
to whom he proposed to commit the ad- 
ministration of the College, he refers 
especially to three explicit injunctions laid 
upon administrators and teachers, in the 
following words : 


Party politics are forbidden to enter into the 
minds of either, so far as the work of the Col- 
lege is concerned; theology is as sternly 
banished from its precincts ; and finally, it is 
especially declared that the College shall make 
no provision for ‘ mere literary instruction and 
education.’ 


The first two of these injunctions are not 
relevant to our present subject, interesting 
though they are. The third, however, 
especially having regard to what Huxley 
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himself later in the same address said 
about it, has a direct relevance. Referring 
to these injunctions, it is better that 
Huxley should speak for himself than that 
I should attempt to paraphrase. In the 
course of his argument, he says : 


I hold very strongly by two convictions— 
The first is, that neither the discipline nor the 
subject-matter of classical education is of such 
direct value to the student of physical science 
as to justify the expenditure of valuable time 
upon either ; and the second is, that for the 
purpose of attaining real culture, an exclusively 
scientific education is at least as effectual as an 
exclusively literary education. 

I need hardly point out to you that these 
opinions, especially the latter, are diametric- 
ally opposed to those of the great majority of 
educated Englishmen, influenced as they are 
by school and university traditions. 


I do not propose to follow Huxley’s 
argument further. I have referred to it 
because it is important to bear in mind 
first that the claims of scientific subjects 
to inclusion in an educational curriculum 
had to be fought for strenuously as recently 
as the early years of this century ; and 
secondly, that those who were defending 
what they thought to be the best traditions 
of schools and universities yielded ground 
to scientific claims, both reluctantly and 
slowly. The bitternesses of the past tread 
hard upon our heels, and discussions about 
the curriculum even today are frequently 
beggared by wounds given and received 
in battles long ago. I want to suggest 
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that if progress is really to be made in 
solving some of the very pressing educa- 
tional problems which we know to exist, 
we must show ourselves capable of making 
a fresh start and of confining ourselves to a 
consideration of the scope and nature of 
the subjects of the curriculum on the one 
hand, and of the abilities, potentialities 
and needs of those who are to be educated, 
on the other. It is easy to lay down such 
a basis for future discussion, but it will not 
be found so easy, even if this basis is 
accepted for discussion to be confined 
to it. 

The central educational problem with 
which we seem to be faced has been 
occasioned primarily by two interrelated 
and interacting causes. First, the vast 
increases in the map of knowledge which 
have been charted and partitioned into 
recognised subjects have been mainly 
scientific in nature. This increase and its 
nature have resulted in a markedly 
changed outlook on the physical universe, 
of man’s part in it, and also in a progres- 
sive movement in what might be called the 
centre of gravity of knowledge. Whether 
or not there have also been changes of 
kind or only of degree in intellectual tech- 


niques and in ‘ ways of knowing ’ philoso- 
phers could, with great benefit, consider 
and argue. But philosophers, to pursue 
such a course of enquiry realistically, 
would have to submit themselves jointly 
or severally to a variety of what are now 
accepted in practice as constituting dis- 


tinguishable scientific disciplines. For 
our present purpose it must suffice to note 
both that changes, vast in extent and 
significant in nature, have already taken 
place and also that changes are continuing 
to take place. The second interrelated 
primary cause is the greatly increased 
significance of knowledge, especially scien- 
tific knowledge, in a complex and inter- 
dependent world of highly organised 
economic and social units. The founda- 
tion of the world in which we live and 
move is a chaotic collection of ideas and 
concepts arbitrarily systematised to enable 
us to face the requirements of the present 
and of the immediate future but not 
themselves organised coherently. We no 
longer ‘ see life one and see it whole ’ nor 
are we overwhelmingly possessed, as our 
forefathers were, with a determination to 


maintain an intellectual unity in diversity, 
In a sudden rush to enlarge man’s estate 
and gain greater control over our physical 
environment we have, as it were, added 
substantially to the superstructure of 
knowledge without attending to its intel- 
lectual foundations. 

Our specifically educational problem, 
that is to say the problem as it affects 
schools and universities, begins at the 
primary stage. The first two or three 
years of primary education need not detain 
us except to note that, in devising ways 
of creating a suitable environment and in 
laying the foundation of rudimentary 
skills, those who have devoted their gifts 
and talents to this part of the educational 
field have been notably successful. If 
there are criticisms abroad of some 
aspects of school life at this stage, and there 
are such criticisms, they can reasonably 
be taken to be evidence of development 
and vitality rather than of widespread 
shortcomings or failure. It is in the 
succeeding span of four years of junior 
education that the state of affairs should 
cause anxiety. It is not so much, or indeed 
at all, that the teaching profession fails 
to produce some impressive results, but 
rather that the aim and the scope and 
purpose and the best curriculum at this 
difficult stage are but dimly apprehended. 
This is, in part, due to a wider conception 
of universal education and in part to 
the unsolved problems of the secondary 
stage casting shadows on what immedi- 
ately precedes it. In the public system, 
the break at about the age of eleven and 
all that selection for varying forms of 
secondary schooling implies sets the pace 
and calls the tune. In the private pre- 
paratory schools which prepare for ad- 
mission to Public Schools a problem, 
similar in principle, but different in terms 
of subject, also exists. Latin, another 
foreign language, and algebra and geo- 
metry in addition to arithmetic are 
established at an age when children in the 
schools of the public system are learning 
no foreign languages and in mathematics, 
are still confined to arithmetic. If these 
differences are examined they are hard 
to justify ; they can, however, be ex- 
plained to some extent when it is remem- 
bered that both kinds of schools are 
deliberately seeking to meet what seem 
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to be the requirements of the next educa- 
tional stage. 

The secondary stage, itself powerfully 
influenced by the post-secondary stage, 
especially by the requirements of the uni- 
versities, is thus the heart of the educational 
problem of today. This is so for two main 
reasons, one of a historical and the other 
of a fundamental nature. The modern 
concept of secondary education for all has 
caught man’s imagination largely as a 
social concept. Speaking in strictly educa- 
tional terms, this concept is as yet con- 
fused and shadowy and lacks both 
coherent form and definite substance. 
We are in a new and uncharted world of 
educational adventure, with past grammar 
school experience acquired, in the main, 
in different circumstances and dealing 
with an accumulated mass of knowledge 
much smaller in extent and organised into 
fewer subjects. While no single definition 
of education can ever be satisfactory, we 
do not for a moment doubt that it fails 
in an important part of its purpose if it 
does not, in addition to the rudimentary 
skills, both give pupils the power to 
interpret and profit by their experience 
of life and living and also give them a 
perspective of knowledge as a whole and 
a freehold interest in some of its branches 
or subjects. This, you will probably be 
thinking, is easy to say and does not help 
much and in any event, is not of direct rele- 
vance to the training of physicists. This 
is relevant to the training of physicists 
because interest in physics and the desire 
to become a physicist—or for that matter a 
chemist, biologist, engineer, historian or 
classic—normally shows itself during the 
secondary stage and their genesis is partly 
a matter of natural bent and partly of in- 
tellectual environment and opportunity. 
We make a great mistake if we undervalue 
the weight of the influences, both deliberate 
and accidental, of secondary schools and 
secondary schooling, in shaping lives and 
determining careers and activities. 

The problem of the secondary stage can 
be resolved only by those who are com- 
mitted to working in this field ; but they 
cannot solve them by themselves or 
unaided. The educational history of a 
boy or girl is a continuous story and at 
the secondary stage what is best for him 
must be thought out not only in terms of 
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his own bent and ability, but also in 
relation both to what has preceded it and 
also to what is to follow. It is a matter 
of hard practical necessity that each stage 
of education should be a preparation for 
the future, but it is also of great import- 
ance that each stage should contribute 
to a well-rounded and balanced life for 
the pupil in the years it covers. At the 
junior stage, what is immediately neces- 
sary to all-round development must not 
be a casualty to too-concentrated pre- 
paratory work if ‘ childhood is to flourish 
in children.’ At the secondary stage, there 
is the inescapable complication of children 
leaving at different ages and with different 
attainments for a wide variety of careers. 
Thus no simple solution can be found and 
no single theory can provide for all the 
complications which inevitably exist. We 
should, however, be more successful in 
attacking the problem if we all appreci- 
ated both that each stage of education, 
including the post-secondary stage, has its 
own inherent requirements and also must 
be so organised as to leave the preceding 
and succeeding stages adequate freedom 
of manceuvre. 

The embryo physicist will begin to show 
his tendencies in this direction probably 
in the third, fourth or fifth year of his 
or her secondary education. Whether a 
natural bent in any particular direction 
shows itself or not will depend upon 
the intellectual environment provided by 
school and home. It is a safe practical 
maxim that good ability will tend to fol- 
low the line of good opportunity and seek 
the more favoured pastures. Balance 
between the linguistic, the mathematical 
and the scientific would seem, therefore, 
to be a primary objective during the first 
four or five years of the secondary school 
course. But the word ‘balance’ is itself 
ambiguous in this context because varied 
ability and interest in pupils are as im- 
portant considerations as the arrangement 
of subjects and of the time allocated to 
each of them. It is, thus, more difficult 
to strike a balance when schools must 
inevitably and rightly organise pupils 
into groups and deploy economically 
and to the best advantage the various 
members of the teaching staff who, only 
to a very limited extent, are interchange- 
able. Nevertheless, we should be prepared 
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to admit that we deviate far more from 
a well-judged balance in the early years 
of secondary schooling, particularly for 
the more able pupils, than is necessary. 
The reasons for this unsatisfactory state 
of affairs are many and of very different 
kinds, but they cannot, all taken together, 
be regarded as an adequate excuse, 
because they are all under our control 
if we had the determination to control 
them and the faith on which to act rightly. 
Open scholarships at universities, univer- 
sity entrance requirements, examination 
syllabuses, text-books as well as prejudices, 
abilities, wishes and too-narrow a perspec- 
tive on the present extent and state of 
human knowledge, all have their effects 
on the shaping of school courses, and 
on criteria of pupils’ progress, which 
are frequently more devastating in their 
effects on the earlier than on the later 
years of secondary schooling. I am going 
to assume, for my present purpose, that 
a well balanced education comprising 
religious knowledge, English, history, geo- 
graphy, a foreign language, mathematics, 
science and either music or art or both, 
is the objective at which we should aim 
and that to attain our purpose we should 
be willing to modify anything that 
patently stands in the way of its achieve- 
ments. 

Three questions immediately arise. How 
far must Latin be regarded as the foreign 
language of first consideration? What 
is to be the scope and objective of mathe- 
matical teaching? Are physicists willing 
to co-operate with other scientists in 
reconsidering the scope and objectives 
of scientific teaching at this stage? I do 
not propose to pursue the first of these 
questions. It is the second and third of 
these questions which are, at the moment, 
our chief concern. The interdependence 
of all scientific subjects with mathematics 
makes the answer to these two questions 
more difficult. How vital is mathematical 
knowledge and in what precise sense is 
mathematical knowledge essential to pro- 
gress in scientific subjects? Is it possible 
for an embryo scientist to make progress 
without specific mathematical qualifica- 
tions? Must an embryo scientist develop 
also as an embryo mathematician or is it 
enough for him to master particular pro- 
cesses and learn a notation? Do we in 


fact know what we want mathematics to 
contribute to the sum of general educa- 
tion in the earlier years of the secondary 
school and what kind of preparatory work 
we also want to include? I suspect that 
physicists, for the sake of their own sub- 
ject, ought to consider these questions and 
in so doing not only help themselves but 
also help others, including those who sub- 
sequently follow the humanities. As 
regards the third question, is it right that 
science should be taught, at this stage, as 
separate subjects? It is certainly open 
to question and those whose standpoint is 
primarily educational are entitled to be 
sceptical of a categorically affirmative’ 
answer. It can readily be conceded that 
it may be very difficult to devise suit- 
able syllabuses and to devise appropriate 
teaching methods, but if the task ought 
to be attempted, the difficulties must be 
faced and not passively accepted. I myself 
regard it as being of the greatest educa- 
tional importance that every pupil should 
at this stage of his or her secondary educa- 
tion, acquire, or at any rate learn about, 
the scientist’s outlook on the physical 
universe and I place this aim above, 
though not necessarily in opposition to, 
a preliminary grounding in particular 
scientific subjects. Do scientists, and in 
particular physicists, go thus far and if so, 
are they willing to ensure that some time 
is diverted from the advancement of 
knowledge to ensure that there shall be a 
succession of fit and proper persons to 
take over from them and to apply scien- 
tific knowledge for the benefit of humanity? 
In the later stages of secondary school- 
ing, that is in the final two or at most 
three years of the full secondary school 
course, the problems are, in some respects, 
necessarily somewhat different. Inevitably 
particular subjects must be chosen and 
secondary schools must inevitably rely 
upon the array of subjects as it is found 
in universities and other places of higher 
learning. In one respect, however, there 
is a similarity. In these years also, the 
course followed by a particular pupil must 
have a balance and also be a preparation 
for his future. It is fallacious to assume 
that a strictly relevant preparation for 
some particular future activity, be it 
in further full-time education, or in 
employment, will of necessity constitute a 
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reasonably balanced education. It is a 
fact of life that particular subjects must 
be chosen and that neither a good educa- 
tion nor a satisfactory preparation will be 
provided unless they are followed seriously 
and deeply. The time available in a 
working week, the requirements of univer- 
ties and the professions, the complexities 
of school organisation and the varied im- 
mediate needs and aspirations of particular 
pupils all seem to conspire together to 
make things most difficult. Perhaps the 
best form of attack is to attempt to 
identify some of the right questions so 
that all concerned might come together 
on a common ground of enquiry and 
consideration. 

There probably never was much that 
was profitable in arguments about the 
relative inherent importance of the sub- 
jects into which we divide knowledge for 
the convenience of all concerned. If 
scientists could not concede that theology 
was the queen of the sciences, physicists 
should know that they cannot expect the 
kingship of physics to be loyally accepted. 
Scientific subjects are differentiated from 
each other partly by the techniques of 
enquiry employed and partly by the 
aspects of the physical universe with which 
they are concerned. But there is no water- 
tight division nor are they, even in a 
broad sense, mutually exclusive either by 
way of technique or subject-matter. We 
should do well to accept as a working 
hypothesis that the conventional subjects 
are all of equal inherent importance and 
significance. In so doing we should not 
be implying either that any subject will 
serve or that some are not more readily 
capable of being employed for the satisfac- 
tion of human needs or that more ex- 
ponents of some are not needed than of 
others or that some are not more con- 
venient than others for the purposes of 
the later years of secondary schools. All 
these are separate questions and need 
consideration not on the fundamental 
basis of the inherent relative value of 
the various subjects in the family to 
which they belong, but on other grounds, 
largely of expediency, convenience and 
practicability. 

If we can remove the discussion from 
the field of relative values in which pre- 
Judice, misplaced enthusiasm, frustration 
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and many other quite prevalent human 
failings so readily interfere with sound 
judgment, it becomes possible to ask if 
any scientific subject or group of scientific 
subjects can by themselves constitute a 
satisfactory curriculum in the final years 
of secondary schooling. To answer this 
question it is necessary to consider a 
problem to which I referred earlier, that is 
whether or not scientific subjects employ 
distinctive and different modes and pro- 
cesses of thought and thinking. It is also 
necessary to remember that while the 
scientific subjects are concerned with 
aspects of the physical universe, the sub- 
jects in the humanities are concerned 
mainly with the results of man’s intel- 
lectual and spiritual experiences and acti- 
vities. There is, or there should be, no 
watertight division or complete exclusive- 
ness between the scientific subjects and 
the humanities. All subjects belong to 
the one family and all, being the products 
of man’s questing and knowing mind, 
meet together on the common ground of 
human experience to which countless 
individuals over a long period of time 
have contributed. The total of accumu- 
lated experience is much too great for it 
to be recapitulated for even the ablest 
boys and girls as they pass through the 
secondary schools. Nor indeed is such 
a recapitulation necessary or desirable. 
We have, then, to choose subjects for study 
in the final years of secondary schools as 
well and as wisely as we can on mixed 
criteria, some of which, at any given time, 
will be purely empirical and expedient. 
If it is the function of the final years of 
secondary schooling to ensure that there 
is some depth of study involved, so that 
techniques are acquired as well as a 
genuine foothold in some branch or 
branches of knowledge, how many sub- 
jects should an embryo physicist study at 
this level at this stage of his education ? 
The present conventional answer is in- 
clined to be either that he should study 
in this manner physics and mathematics 
or physics, mathematics and chemistry. 
Which of these two answers is given is 
not so important as to add that the load 
imposed should be tolerable to teacher 
and pupil and that it should be con- 
sistent not only with the good teaching 
of pupils as well as the good training in 
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techniques, but also that time and energy 
should be left available for the pursuit 
of other interests which the pupil possesses. 
We often hear of narrow scientific special- 
ists with no ideas outside their own par- 
ticular speciality but I confess that, in a 
wide circle of acquaintances, I have never 
yet met one. True, I have met scientists 
whose other interests were not mine and 
some whose knowledge, for instance, of 
things literary and philosophical was not 
commensurate with their interest in them ; 
but this is a different matter. Again, we 
might, with good grounds for doing so, 
adopt the hypothesis that the vast majority 
have and are going to continue to have 
in after life, intellectual interests outside 
their particular specialisms. On such a 
basis we could face afresh how best to 
employ the third of school time which in 
final years of secondary schooling should 
be set aside for their cultivation. 

But some one will certainly say that 
these complications are unnecessary. They 
will claim explicitly, as many humanists 
do implicitly, that a complete education 
can be provided by choosing any subject 
or group of subjects all to be studied to 
the same level. I would concede that this 
might be the case in the hands of im- 
maginative teachers who were deliberately 
aiming to provide for all pupils a full 
range of spiritual, emotional, social, 
political and aesthetic experience. But 
would it be wise and prudent to make 
the attempt? Pupils throughout their 
secondary school need a variety of personal- 
ities and standpoints, and their needs are as 
varied as their interest, outside their ad- 
vanced level subjects, is difficult to catch. 
Would it not be better for all scientists to 
persuade their pupils of the very great im- 
portance of the development and nourish- 
ment of interests outside those involved 
in advanced subjects and leave in more 
competent hands the task of satisfying the 
need, and themselves be willing to find 
ways and means of doing the like for 
pupils whose advanced subjects are in the 
humanities ? You will all say, especially 
those who teach sixth forms, either that 
to arrange for one-third of the time to be 
taken d la carte is impracticable or that 
it would involve a radical rethinking of 
sixth form organisation. Nevertheless, the 
attempt should be made and it would at 
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least mean an escape from the frustratin 
and harmful tendency to think that the 
study of particular advanced subjects has 
damaging effects which must be rectified 
and redressed by the therapeutic values 
of some other particular subject. If there 
is anything in this approach at all, it 
surely is only that bad teaching always 
has harmful effects which good teaching 
in the same subject or some other subject 
will go some way to remove. In our pre- 
occupation with subjects and educational 
problems, what shall it profit us if we forget 
that good training in a subject and good 
teaching in a subject are not co-extensive 
or co-terminous? Even able and indus- 
trious pupils of all ages must be cajoled 
into learning, given confidence and, in a 
word, inspired. The human relationships 
between teacher and taught which acknow- 
ledge no boundaries of subject or speciality 
continue to be the stuff of education 
without which efficient training is more 
difficult and infinitely less valuable. 

I have left till last the university and 
post-secondary stages, because those who 
follow me are specially qualified to speak 
of such things. There are, nevertheless, 
one or two points in connection with the 
university stage which I would like to take 
this opportunity of mentioning. If there 
is anything in this general contribution 
of mine, two things necessarily follow : 
first, that as knowledge advances and the 
number of subjects increases the secondary 
schools cannot increase the load they 
assume pari passu in circumstances of 
increasing complication, and, secondly, 
that almost all I have been trying to say 
of the final years of secondary schooling 
applies with necessary modifications to 
the post-secondary stage. Schools and 
universities ought to find and establish 
new and more effective techniques of 
co-operation which should issue in really 
serious consideration of what is peculiar 
to each stage as well as of those things 
which are interrelated and common. 
No-one can be anything but seriously 
disturbed at our failure at this time, but 
it would be wrong either to be surprised 
at it or dismayed by it. Great changes 
have overtaken us in a very short space of 
time and we seem to be constitutionally 
determined to approach our critical 
educational problems in a casual and 
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empirical manner which would shock us 
and call for condemnation if resorted to in 
any other field. 

We ought first to adjust our perspective. 
It is fallacious to assume that because all 
universities inherit long-established uni- 
versity traditions and because secondary 
schools today share a long grammar- 
school tradition they jointly inherit the 
relations which used to exist between the 
older universities and the few schools from 
which their undergraduates came. It is 
necessary to be very mindful of two im- 
portant facts which are closely related in 
time. These are succinctly stated, and 
with a historical insight by no means un- 
common in publications emanating from 
that quarter, in ‘Education 1900-1950’ 
which was the main title of the Report 
of the Ministry of Education for 1950. 


‘University education as we know it today 
is largely a growth of the last 50 years. For 
most of the nineteenth century there were only 
four universities in England and Wales, and 
of these, two were of recent foundation. In 
1900—the year in which the Board of Educa- 
tion came into being—Mason College, Bir- 
mingham, obtained a charter and thus led 
the way to the foundation of the provincial 
universities. The main expansion in univer- 
sity education has, therefore, synchronised 
with the history of the Board of Education.’ 

‘Scholarships to carry pupils from school 
to university had existed from the earliest 
times, and, since the Royal Commission of 1852, 
the state had interested itself in the matter. 
But these scholarships did little to realise 
Huxley’s dream of a ladder of opportunity 
from the primary school to the university. It 
was not until 1902 that the prospect of a rapid 
growth in secondary education and the founda- 
tion of new universities brought into relief the 
need for awards from public funds.’ 


It is no accident that the name of 
Huxley should be concerned with the only 
two quotations in which I have indulged 
—the first from an address of his own 
about Mason’s College and the second 
about the significance of that College and 
of the importance of Huxley’s concept 
of a ‘ladder of learning.’ It is also of 
importance that it was a scientist who, in 
such a critical phase, made such notable 
educational contributions. The advance- 
ment of science, and the rapid application 
of scientific knowledge, has not only 
transformed our environment but in the 
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narrower field of education, has trans- 
formed also our educational problems, first, 
by so directly influencing the broaden- 
ing of educational opportunity, and, 
secondly, by causing and continuing to 
cause new problems of curricula both in 
schools and universities, and, thirdly, in 
presenting a new situation as regards the 
relations between them. 

In scientific subjects, the natural desire 
to take the shortest and the most direct 
route to the advancing boundaries of 
knowledge catches the imagination as 
surely as does the natural desire to con- 
quer an Everest. To frustrate or dis- 
courage such desires would be the worst 
of remedies for what can easily lead to 
evil results. As has been said of the Lake 
District, ‘the main road from Ambleside 
by Thirlmere to Keswick does not help 
in an appreciation of the real form of the 
uplands.’ We must look for remedies else- 
where. Scientific teaching in universities 
is based upon honours or special schools 
and they in turn are influenced by 
what are thought to be the requirements 
of postgraduate education. In the first 
place, with very few exceptions, scientific 
courses are confined to one main and one 
or two subsidiary subjects, and, in the 
second place, ‘ the real thing’ in the way 
of scientific training is thought of in terms 
of a period of five or six years, three being 
undergraduate and two or three being 
postgraduate training by research. Is this 
structure right or ought it to be examined 
from first principles? The time to ask 
such a question has surely arrived, when 
on the one hand standards in the use 
of language and in literary exposition 
of human scientific achievements are 
so strongly criticised by scientists and 
humanists alike and when scientists can 
make a cogent case for lengthening under- 
graduate courses. There may, on careful 
examination, be a case for increasing the 
length of undergraduate courses in science 
from three to four years but we should not 
expect such a step to do more than ease 
some of the difficulties. Without other 
improvements the heart of the problem 
will remain unsolved. Further, can we 
ignore the great influence of relying so 
exclusively on research as the means of 
postgraduate training and education ? 

I must not pursue these questions further 
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or raise many others on which I should very 
much like to say something, because, as I 
have already said, those who follow me 
are specially qualified to speak of such 
things. My purpose was to open up some 
general questions and to provide a not 
uncontroversial but an amicable basis on 
which a profitable discussion might pro- 
ceed. That I have not done even this 
well is all too apparent to me. This is not 
the first attempt I have made to turn 
discussions into what seem to me to be 
profitable channels. A recent attempt will 
be found in the British Journal of Applied 
Physws (Vol. 1, No. 1, January, 1950), 
when I did my best suitably to inaugurate 
the newly-founded Education Group of 
the Institute of Physics. 


TRAINING OF PHYSICISTS IN THE 
SrxtH Form 


by 
Prof. N. F. Mott, F.R.S. 


Sir Puitre Morris has reminded us of the 
era in which those who fought for science 
teaching had no use for instruction in 
arts. This era is over, as we can see 
from a report recently published by a 
Sub-Committee appointed by the Vice- 
Chancellors’ Committee to consider Uni- 
versity Entrance Requirements. I will 
quote from an Appendix admittedly which 
was not signed by all members, though 
I think that all members would have 
agreed with this part. 


Universities and schools [the report says] have 
a common interest in the promotion of a broad 
and liberal education side by side with appro- 
priate specialised studies. The schools seek to 
achieve this end by a balanced curriculum 
appropriate to the abilities and aptitudes of 
the pupil and by the unexamined work in their 
sixth forms. The universities in this regard 
rely very much upon the opportunities that 
college life affords to the students to mix with 
other students studying in different fields. 
A student, however, may fail to take full 
advantage of these opportunities unless a 
foundation for broader interests is laid in the 
schools and this leads us back to the position 
that the most fruitful avenue to general 
education lies in the unexamined work in the 
sixth form. 


Now, in the words of the report, I wish 
to talk about ‘ a broad and liberal educa- 
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tion side by side with specialised studies,’ 
And I wish to talk about the position in 
the sixth forms of the schools, because | 
think it is here that this broad and general 
education ought to take place. Much as 
I admire the experiment in general educa- 
tion which is taking place in Keele, it is 
certainly not practicable nor I think 
desirable to try to add a foundation year 
on the Keele model to the curriculum of 
most modern universities or of Oxford or 
Cambridge. If for the country as a whole 
more general education for scientists is 
desired, then surely it is to the schools 
that we ought to look. 

Now, let us first ask, do we in fact want 
general education for sixth-form scientists ? 
Do we want at least ten weekly periods 
out of thirty-four on non-specialist sub- 
jects? Some scientists will tell you that 
we do not—they remember their own 
schooldays and emphasise that anything 
which kept them away from science was 
just a nuisance. Looking back on my 
own schooldays and my struggles with 
Greek I cannot help having sympathy with 
this point of view. But all the same, 
applied to the great majority of the 
students who enter our universities to read 
science, the argument seems to me clearly 
nonsense. A future Rutherford or Fermi 
or Oppenheimer can draw from the rest 
of human experience what he needs, what- 
ever he learns at school ; but for the rest 
I think it is only too true that—again in 
the words of the Vice-Chancellors’ report 
—many students do fail to take full ad- 
vantage of the opportunities for broaden- 
ing their interests that a university gives 
unless the school has laid some foundation 
in the sixth form. 

Education—much more than the sub- 
ject-matter of most other sections of this 
Association—involves judgments of value. 
If on educational grounds, I (or the Vice- 
Chancellor’s Sub-Committee) recommend 
a wider curriculum in the scientific sixth 
form, we and other interested parties may 
have no commonly shared system of 
belief with which to convince those who 
disagree. Speaking personally, I believe 
this wide education is of great importance. 
I need not waste your time in trying to 
say why—it has been said too often. Per- 
haps I could sum it up by pointing to 
those phantasies on space travel, science, 


Prof 
ture 
pict 
mus 
ay : und 
thei 
look 
mo! 
that 
mo! 
desi 
liter 
scie 
desi 
shot 
bec 
has 
wal 
| He 
the 
to ¢ 
wit! 
ma 
onl 
mu 
the 
late 
wo 
be 
in 
val 
| Vic 
tim 
to 
tio 
Ik 
tie 
to 
mz 
= En 
Dec 


good and evil written by my University’s 
Professor of Medieval Renaissance Litera- 
ture, C. S. Lewis; seeing the sort of 
picture that he has formed of science, we 
must try, while we ask the humanists to 
understand science, also to understand 
their ways of thought. 

But this is special pleading. Let me 
look at the problem from another and 
more material angle. Everyone agrees 
that for the sake of our economy we need 
more scientists, and those whom I seek 
to convince will, I am sure, agree that it is 
desirable that many of those who now read 
literary subjects should in the future read 
science. With this end in view it is surely 
desirable that the decision to read science 
should be made as late as possible in a 
boy’s time at school. A boy perhaps 
becomes interested in English, or finds he 
has some facility for languages. If he 
wants to do science, he just has to drop 
most of these things at sixteen or earlier. 
He may not want to. If he wants to do 
them he has to drop science. He may wish 
to continue with English, with languages, 
with history, and with science, before he 
makes a final choice. And I believe that 
only too often the choice is made, in effect, 
much earlier than sixteen. Give boys 
the chance to turn to science at sixteen or 
later, and I believe that more of them 
would do it. Many of them, too, would 
be of the type able to exercise leadership 
in the many fields of activity that need 
science. 

Of course, the possibility of doing this 
varies from one school to another. The 
Vice-Chancellors’ report refers several 
times to those activities in the sixth form, 
which exist alongside intense specialisa- 
tion, and in which no examination is held. 
I know that in many schools these activi- 
ties exist and are excellent. But I suspect 
that in many schools they do not. When 
I was head of the Department of Physics 
in the University of Bristol, I used always 
to ask candidates for admission what they 
did in the sixth form besides science and 
mathematics, and nearly always got as 
an answer, ‘ one period of scripture, one of 
English, one of gym and one of civics.’ 
Do we think that this is enough ? 

What now ought the universities to do 
to help the schools to give the kind of 
education that we all desire? One is to 
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provide a means of entry into science 
faculties of universities for those who have 
not specialised or who have specialised 
late. But, of course, in many universities 
it already exists, in the form of the Inter- 
mediate Course, and to some extent the 
first-year course at Scottish universities is 
of this nature. At Bristol the numbers 
entering for the Intermediate Course 
were small—nearly all students were suffi- 
ciently qualified to enter for honours. 
But it seems to me that here is an oppor- 
tunity for an ambitious modern university. 
Could not a strong Intermediate Course 
be founded, to take students who had 
opted late for science, and to be the basis 
of a four-year course? Here is an experi- 
ment well worth making—given encourage- 
ment from the local education authority 
and the Ministry of Education. 

The other point that universities should 
take up is the question of entrance require- 
ments. The Vice-Chancellors’ Sub-Com- 
mittee has written strongly in favour of a 
minimum requirement of two subjects at 
the Advanced Level in the G.C.E. With 
this I agree. But I do not believe that the 
requirements for admission to faculties 
and departments are the main cause of 
over-specialisation. I believe that it is 
the competitive nature of entry into certain 
universities. After all, what is the criterion 
by which a science sixth is judged by 
masters and by parents alike? In many 
of our major grammar and public schools 
surely it is by its success in obtaining 
scholarships at Oxford and Cambridge. 
And whatever the curriculum demanded 
by the examiners for these scholarships, 
the temptation to concentrate on this 
curriculum to the exclusion of all else 
must remain extremely strong. Certainly 
in many schools—I have no information 
on how many—the temptation has been 
yielded to. The Vice-Chancellors’ report 
refers to the value of those activities in the 
sixth form in which no examinations are 
held. Do they mean one period per 
week only of English, scripture, gym and 
civics ? 

I myself would like to see, in the sixth 
form, until at any rate the year in which 
the scholarship is taken, a third or so of 
the school time devoted to the serious study 
of some subject outside science. A modern 
language or history would be appropriate. 
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One hesitates to suggest new examina- 
tions, but how else is one to provide the 
incentive for it? I would much rather 
that the incentive were provided through 
the scholarship examinations, than through 
any compulsory requirement for admission. 
A group of colleges at Oxford or Cambridge 
might do this, if they cared about it. 

One way in which this could be done is 
by an increased emphasis on the General 
Paper—and by renewed assurance to the 
schools that this will play a big role in 
awarding scholarships. I have been told 
in more than one school that this would 
be welcome. 

Another possibility would be an assur- 
ance, by a group of colleges, that they will 
give each year a certain number of the 
mixed scholarships already offered, scholar- 
ships in which a candidate takes science 
and arts subjects. Such scholarships now 
exist at Cambridge, but I understand that 
few candidates of high quality enter for 
them at present, and I do not believe that 
schools will attempt this kind of education 
unless they know that some scholarships 
would be reserved for candidates of this 
kind. 

Another possibility, which I personally 
would favour, is as follows. Could not a 
group of colleges set a qualifying examina- 
tion, say one year before the entrance 
scholarship examination, in an arts sub- 
ject, the candidate having the choice of 
say English, history or a modern language? 
The examination would be of a standard 
appropriate to boys who spent a quarter 
to a third of their time in the sixth form 
on the subject concerned. The examina- 
tion would not be compulsory for all 
candidates ; but those who took it and 
passed it, when they came to the entrance 
scholarship a year later, would not be in 
competition with the specialists who had 
not taken it. Both groups, it is suggested, 
would take the same papers in science ; 
but a certain percentage of scholarships, 
a percentage which would have to be 
worked out in co-operation with the 
schools, would be reserved for those who 
had taken the qualifying examination in 
an arts subject. 

A further possibility is that a pass in the 
G.C.E. at the A level in a subject on the 
arts side would qualify a candidate to 
enter the non-specialist group. But I think 


that the special college examination would 
be necessary, owing to the unsatisfactory 
nature of the A level syllabuses judged as 
complete studies in themselves. 

The suggested scheme may well not be 
the best possible, but it does seem one by 
which a group of colleges could show that 
they are in earnest in wishing to help 
the schools to break down the present 
excessive specialisation. In any case I 
know that many of us in the universities 
would welcome suggestions from schools 
as to how these aims might be achieved, 
because experiments in the solution of 
these problems can surely best be made by 
individual universities or colleges in co- 
operation with small groups of schools 
making experiments together. 


THE EpDuUCATIVE VALUE OF PuysiIcs 
CoursEs 


by 
Prof. F. A. Vick, O.B.E. 


In this paper I wish to enlarge upon two 
topics mentioned during my talk to the 
Institute of Physics Education Group last 
April (Bull. Inst. Phys., July, 1955) with a 
view to stimulating further discussion. 
The first is whether we are doing enough 
in our university physics courses to help 
to educate the whole minds of our students 
in addition to giving them a professional 
training. The second is the possibility of a 
study of physics forming a major part of 
a university education for some of those 
who will later become leaders in politics, 
industry, commerce, the Civil Service, etc. 

On the whole, the courses in physics in 
British universities are very successful in 
producing graduates who, after suitable 
experience, become competent professional 
physicists, some of them versatile and 
original and able to tackle problems 
arising in fields as far apart as botany 
and heavy engineering. The best students, 
taking full advantage of their opportuni- 
ties and their subject, receive a real educa- 
tion as well as a training while working 
intensively at physics, but I have felt 
increasingly that more could be done to 
stimulate, toughen and broaden the minds 
of all physics students, not just the most 
gifted. It must be remembered that not 
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only is the subject changing rapidly, but 
our larger classes contain a greater variety 
of student. Twenty years ago physics had 
none of the glamour (? notoriety) which 
has recently been thrust upon it. The 
publicity given to the Cockcroft-Walton 
experiment in 1932 was quite exceptional. 
Students in honours physics classes before 
the war were not very numerous, but 
were on the whole quite sure it was their 
subject, probably after much stimulus 
from first-class teachers at school, and did 
not take it because it was fashionable or 
because of the lure of jobs carrying £1,000 
a year at age thirty. I am not intending 
to imply that many of our students now 
take physics for the wrong reasons, but its 
increasing popular appeal, the unprece- 
dented demand for physics graduates, and 
the wide extension of financial aid, have 
meant that our classes are not only larger 
but different. There are still a number 
of first-class people, but those suited to 
creative research are a small proportion 
of the total, and too few wish to teach in 
schools or universities. We must do our 
very best for these people, but in doing so 
we must remember the others. Even in the 
large and famous departments there are a 
number of students worthy of a university 
education but not capable of profiting 
fully from the rigours of a complete 
honours course in physics as traditionally 
taught. Moreover, they often come from 
homes excellent in most respects but 
without any academic tradition and which 
do not supply the cultural background 
which at one time could be taken for 
granted for the majority of university 
students. A pass degree course might suit 
some of them, but not all, especially while 
such courses are the Cinderellas of some 
universities. There are many ways in 
which these students can be helped, but 
I will restrict my remarks to their work 
in physics departments. 

It is true that earnest students of 
physics cannot help acquiring some of the 
methods of thought and techniques of the 
scientist, but should we not discuss with 
them sometimes the nature of science, and 
the way it has developed? So many 
text-books and orthodox courses give the 
impression that scientific development is 
almost a mechanical process. Apparently 
one has only to think of a hypothesis, 
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devise an experiment to test it, carry out 
the experiment, and the answer will 
be immediately obvious. In most cases 
nothing could be further from the truth. 
Not only will there be long periods of pure 
grind, but also weary weeks during which 
the mind turns over the problem this way 
and that and the truth we are seeking 
remains hidden. But, quite suddenly, the 
mists clear and we see connections hitherto 
not recognised, and a further step forward 
becomes possible. Insight and imagina- 
tion are just as vital in science as in any 
other creative activity of the human mind. 
I like Sir Cyril Hinshelwood’s remark in 
his Presidential Address to the Science 
Masters’ Association in 1953: ‘ Science 
is not the dryly syllogistic handling of 
obvious facts. It is an imaginative ad- 
venture of the mind seeking truth in a 
world of mystery.’ 

So, in this respect, as in some others, 
the physical sciences are not very different 
from the creative arts, except for the 
difference in material. In how many 
text-books is this made clear? Another 
impression likely to be gained by a student 
is that his subject developed in that nice 
logical order in which it was taught 
him, and that he is very dense if he 
cannot see the next step. Perhaps I might 
quote again the illuminating remark by 
Helmholtz (see Beveridge: The Art of 
Scientific Investigation, p. 60). 


Any pride I might have felt in my conclusions 
was perceptibly lessened by the fact that I knew 
that the solution of these problems had almost 
always come to me as the gradual generalisa- 
tion of favourable examples, by a series of 
fortunate conjectures, after many errors. I 
am fain to compare myself with a wanderer 
on the mountains who, not knowing the path, 
climbs slowly and painfully upwards and often 
has to retrace his steps because he can go no 
further—then, whether by taking thought or 
from luck, discovers a new track that leads him 
on a little till at length when he reaches the 
summit he finds to his shame that there is a 
royal road, by which he might have ascended, 
had he only had the wits to find the right 
approach to it. In my works, I naturally said 
nothing about my mistakes to the reader, but 
only described the made track by which he 
may reach the same heights without difficulty. 


It is thus worthwhile stopping occasion- 
ally to point out how parts of our subject 
really developed, using case studies not 
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necessarily chosen from long ago, and 
drawing attention to some of the live 
problems of today. Also students must 
read a selection of original papers from 
Faraday to 1955 and be reminded that a 
text-book represents one view of a subject 
which may look quite different after 
examination by a different mind, or even 
the same mind at a different time. 

I have mentioned how the physical 
sciences resemble the arts in some respects, 
but they differ from nearly all other sub- 
jects in being truly progressive. As George 
Sarton has said, scientists today are not 
necessarily more intelligent than those 
of old, but their knowledge is at once 
more extensive and more accurate. The 
methods by which a consensus of opinion 
is gradually reached in science must be 
realised by students, as well as what is 
meant by fact, law, experiment, etc., in 
a scientific context. The ability to repeat 
an experiment and to get the same result, 
statistically, is fundamental. This means 
that science is selective. A physicist de- 
liberately chooses those topics that can be 
studied by his particular methods and that 
satisfy his stringent conditions. So students 
must recognise the limitations of science 
and not be content to rest on the pedestals 
upon which the general public is all too 
ready to place physicists. 

Especially when teaching our not so 
gifted students, it is a temptation to be 
content with giving them ‘ drill ’ problems 
based on those branches of the subject that 
have just been studied. These are essential 
in giving training and practice in tech- 
niques, but they are not enough. Problems 
in real life are not like that, and it is fatal 
if the first reaction of a student when 
given a problem is to try to find one like 
it in the text-book. From the beginning 
we can stimulate and toughen the mind 
by giving problems, theoretical and experi- 
mental, that do not involve advanced 
knowledge but do need careful analysis, 
imagination and the ability to cross the 
artificial boundaries placed for convenience 
between heat, light, sound, electricity, 
etc. All practising physicists will have 
acquired by experience a number of such 
problems, some of them relating to ap- 
parently simple phenomena of everyday 
life. Another need is practice in discus- 
sion. Some scientists appear to believe 
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that there are few things in science which 
can be discussed ! 

It is necessary, too, for students to know 
what it means to reach the frontiers of 
knowledge in one or two places. I do not 
think it matters much at which places, 
provided that such study is guided by 
an enthusiastic physicist who has pre- 
ferably contributed to the subject itself, 
that the topics chosen are not completely 
crystallised in text-books, and that the 
student penetrates as deeply as possible. 
To use a phrase I have perhaps over- 
worked, we need a fusion of thoroughness 
and breadth. 

Physics courses tend to become over- 
crowded, and there is a certain body of 
knowledge which every self-respecting 
physicist must know, but, after all, method 
is more important than matter, and we 
wish to stimulate, toughen and educate the 
minds of all our students, whether they 
are going on to fundamental research or 
not. 

What, then, do we expect of a student 
who has worked hard in such a course? 
A good fundamental knowledge and 
understanding of physics upon which can 
be based further specialised work, as 
needed. Experience of what it means to 
study something (not all physics) deeply 
and intensively. The ability to assess a 
situation, and to tackle new problems over 
a wide front. Intellectual courage and 
honesty, and an understanding of the 
meaning of scientific proof. Ability to 
think logically, quantitatively and im- 
aginatively. Clarity and precision of 
expression in speech and in writing. 
Experimental skill and the ability to 
acquire new skills. The ability to handle 
abstract ideas. Judgment. Recognition 
of the limitations as well as the capabilities 
of science. Humility in the face of the 
wonders and mysteries of Nature. 

Many of these qualities can be enhanced 
by the study of other subjects, of course, 
and some of the attributes of a fully 
educated man, such as an appreciation 
of human values, cannot be acquired just 
by a study of physics, but perhaps you 
will agree with me that through a 
properly designed physics course taught 
by first-class people a student’s mind can 
be developed in ways hardly open in most 
other disciplines. Many of these qualities 
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are valuable in fields other than in pro- 
fessional physics, for example in adminis- 
tration of various kinds, and there is need 
in industry, the Civil Service, etc., for 
administrators with a good knowledge 
of science. But there is a shortage of 
physicists, and some of those whose bent is 
not in creative pure science make excellent 
technologists after further training. And 
so I come to my second main topic. 

Can we not devise a course containing 
physics as a major component to stand 
alongside Greats and Modern Greats ? 
Suppose we have a new P.P.E., standing 
for philosophy, physics and economics ? 
Would not this be admirable for some of 
our future administrators? ‘There are 
many ways in which these three subjects 
interact and, to a large extent, they sup- 
plement each other. The new course 
(shall we call it P.P*.E. ?) would certainly 
not be a soft option. The physics part of 
it must be more than a collection of snip- 
pets, and designed to enhance those quali- 
ties of mind which I have outlined. It may 
well attract some men and women who at 
the moment are taking university courses 
in the Arts and social studies, e.g. geo- 
graphy. My experience in teaching physics 
to Arts students in courses lasting one or 
two sessions, at the University College of 
North Staffordshire, has convinced me 
that some of them become very interested 
in the subject and are prepared to work 
hard in it, even if they would not wish to 
become professional physicists, and that 
they would be capable of doing well in a 
P.P*.E. combination. Even with our com- 
paratively short courses at subsidiary 
level, the potential barrier which so often 
exists between an Arts man and any 
science is penetrated or broken down. 
The whole outlook of the student is 
broadened. 

While practising scientists will always 
have to be consulted before important 
decisions involving scientific work are 
made, scientists would have much more 
confidence in administrations containing 
a reasonable proportion of good men who 
have taken a course of the P.P*.E. type, 
and would perhaps have more time for 
their own scientific work. I was interested 
to see that Sir David Eccles is reported 
to have advocated the introduction of a 
school of Science Greats ‘ not for training 
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people to do science or to teach science 
but to think about science ’ (Sunday Times, 
June 19, 1955). 

The main points I would ask you to 
discuss are, therefore, first, in what ways 
can we broaden university physics courses 
in order that they may become more truly 
educative for the great variety of students 
who now attend them, and in particular 
make more use of ‘imaginative adven- 
tures of the mind’? (There has been 
no time here to stress the important 
elements of education outside physics 
courses.) Second, can we devise P.P*.E. 
or Science Greats courses which would 
stand alongside the traditional methods 
of educating our future administrators, 
civil servants, politicians, industrialists, 
etc., and make them better fitted to deal 
with the complex problems of our scientific 
age? We should have to watch our 
entrance requirements, and not ask for 
too much mathematics and physics as a 
prerequisite. With a living and con- 


stantly changing subject, physics teachers 
are always having to think out their 
courses afresh. They will approach their 
new tasks and opportunities not in a spirit 


of arrogance but with the desire to be of 
the greatest service to their subject and 
to the students upon whom so much will 
depend in the future. 


THE FUNCTION OF THE SCHOOL IN Dt1s- 
COVERING AND TRAINING PHYSICISTS 


by 
Dr. A. W. Barton 
INTRODUCTORY 


It is my job to describe and evaluate the 
part played by the secondary schools, 
chiefly the public and grammar schools, 
in the training of the physicist and I will 
begin by stressing that it is an important 
part, just as important as that played by 
the universities. For the schools have to 
fulfil two roles ; they have to choose those 
who are fit to be physicists and then they 
have to lay the foundations of their 
training. 
Tue SELECTION OF THOSE FIT TO BE 


PHYSICISTS 


All secondary schools which have sixth 
forms start by giving their pupils at the 
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age of eleven a course of general education 
lasting four to five years. This elementary 
general education will consist of English 
subjects—scripture, English, history, geo- 
graphy—one or more foreign languages, 
French, Latin, German or Greek, for 
example, mathematics and science, and 
some creative subjects, such as art, music, 
and woodwork. At the end of this course, 
a decision is then made whether a pupil 
is capable of doing sixth form work and, 
if so, into which sixth form he shall be 
promoted. Here is one way in which this 
decision is made : all the boys in the fifth 
form, in which the course of elementary 
general education is completed, are seen 
by the head master in the middle of the 
summer term and are told the main sub- 
jects of each of the sixth forms, the 
careers to which they lead and the quali- 
fications needed to secure admission to 
them, the minimum being three suitable 
Ordinary Level passes. The pupils are 
then asked to state into which sixth form 
they wish to go, being advised individually 
if this is necessary ; this provisional choice 
and the above information about the sixth 
forms is then sent home to their parents, 
who are given an opportunity to discuss 
the pupil’s choice with the head master, 
if they wish to do so. The final decision is 
left to the pupil and his parents, and the 
school only interferes if the pupil has 
chosen a sixth form for which he is 
totally unsuitable or has perhaps chosen 
a soft option or has chosen one sixth form, 
whereas he seems to the school better 
qualified for another. The pupil has been 
introduced to all the various branches of 
knowledge in this course of general educa- 
tion ; and at the end of it in most cases 
he knows what he wants to do and his 
choice usually corresponds to his abilities. 
Sometimes an individual pupil needs 
advice when he is equally good at two 
different branches of knowledge. To 
what extent should the schools try to 
influence a pupil’s choice? The schools 
are not an end in themselves ; they exist 
to promote the pursuit of knowledge and 
to serve the community; nor are the 
pupils an end in themselves ; on the con- 
trary, ‘he that will lose his life for my 
sake, shall save it ’ and the pupil will grow 
to his full stature only if he loses himself 
in some great cause in the service of the 


community. So surely at the present 
time when an abundant supply of able 
physicists is essential to our survival, it is 
the duty of the schools to make this fact 
known to their pupils—they will certainly 
not know about it unless they hear of it 
from their school—and to exercise reason- 
able persuasion to induce any boys to 
take up physics who have reasonable 
interest and ability in it. 


LAYING THE FOUNDATIONS OF THE 
TRAINING OF PHYSICISTS 


Having decided which pupils are fit to be 
physicists, the school then spends the next 
two or three years laying the foundations 
of their training by giving them a course 
of elementary physics in the sixth form. 
The aim of this course should be to 
stimulate the pupil’s curiosity, train his 
critical faculty, and to develop his interest 
in and power to solve problems by pre- 
senting physics as a living growing sub- 
ject. I believe that this can best be 
achieved by finding some time in the 
course for presenting the principles of the 
subject as they developed historically. 
This is preferable to teaching your pupils 
the latest theory ; first, they are not likely 
to be able to understand it; secondly, 
even if they do understand it, it gives 
them the impression that having learned 
the latest theory, there is no more to be 
learned, and, thirdly, there is always the 
temptation to accept the theory as true, 
just because it is the latest theory, and if 
there is any part of it they do not under- 
stand to allow memory to be a substitute 
for understanding. Surely it is better 
when teaching heat, for example, and the 
main elementary facts about heat have 
been established, to discuss the caloric 
theory in some little detail and its explana- 
tion of why heat is conserved when hot 
and cold bodies are mixed, the pleasing 
way in which it accounts for change of 
state, the elementary fact that heat flows 
from hot to cold bodies and how work 
can be derived from heat by a process 
analogous to that by which work is 
derived from water. The pupil is then 
introduced to the problem set by the fact 
first noticed by Rumford that the chips 
produced in boring a cannon are hot. 
Where does this heat come from? And 
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the attempts of the calorists to reconcile 
this fact with the conservation of heat— 
quite intelligent attempts, by the way— 
should be discussed, ending with the com- 
pelling fact found by Rumford that the 
source of heat obtained by this boring 
seemed to be inexhaustible. We seem to 
have reached an impasse ; and then the 
pupil is introduced to Joule’s suggestion, 
which arose from his realisation that all 
these puzzling cases of the production 
of heat had one factor in common—work 
is being done. So the idea occurred to 
Joule—is heat a form of work? And he 
saw that, if this were true, the puzzling 
facts would at once be explained by an 
extension of the conservation of energy 
to include heat, or by a synthesis, as it 
were, of the conservation of caloric and 
the conservation of energy. Do not let us 
worry if the pupil gets puzzled and be- 
wildered as we take him through this dis- 
cussion; anyone who tries to solve a 


problem and to discover some new know- 
ledge gets bewildered sooner or later, 
usually sooner, and if we are to train 
physicists, they must be put in at the 
deep end of the bath and learn how to 
find their way out. The pupil will learn 


another important principle, which is 
perhaps too little understood, even by the 
physicist himself. The physicist bases 
his theory not only on facts, but even 
more on an evaluation of facts. The 
calorists felt sure that the caloric theory 
was right because they judged that heat 
lost equals heat gained was the most im- 
portant fact, the most valuable fact, about 
heat and they dismissed Rumford’s hot 
chips as an unimportant detail; but Joule 
judged that the hot chips were the key 
facts which would unlock the mystery of 
the nature of heat and he proved to be 
right. So by this method of presenting 
the subject, we are surely laying sound 
foundations in the training of the physicist; 
we are not only teaching him the dif- 
ference between fact and theory, but we 
are teaching him how, when only a 
limited number of facts are known, two 
rival theories are possible ; how to judge 
one against the other, how the evaluation 
of the facts is important in making this 
Judgment, and how it is not a crucial 
experiment, as a rule, but weight of 
evidence which in the end comes down 
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in favour of one theory. And it will not 
have escaped the members of Section A, 
at any rate, that this synthesis of the con- 
servation of heat and the conservation of 
energy foreshadows the twentieth-century 
synthesis of the conservation of energy 
and the conservation of matter due to 
Einstein, which is the physical principle 
which led to the conception and release 
of atomic energy. 

Practical work must also form an 
essential part of this course of elementary 
physics and it must be the right sort of 
practical work, in which the pupil is 
required to find out something himself. 
For example, do not ask the pupil to verify 
Boyle’s law for air, but rather ask him 
to investigate the isothermals of the gas 
in the apparatus and do not tell him that 
it is sulphur dioxide. Nine students out 
of ten will come back to say that they have 
verified Boyle’s law ; which shows how 
little they know both about Boyle’s law 
and about deriving a truthful conclusion 
from their measurements ; the tenth will 
come back with a puzzled or somewhat 
apprehensive expression and will tell you 
that there is something wrong with this 
gas, which shows that he can draw a con- 
clusion from some measurements, but has 
not yet grasped the nature and meaning 
of scientific law. I may say that all these 
ten students have written a 6 + answer on 
Andrews’ experiments on the isothermals 
of carbon dioxide. But there is no sub- 
stitute for actual experimental work, if the 
pupil is to understand the meaning of 
scientific fact and is to be able to establish 
facts, new facts, himself. 


Is THERE TOO MUCH SPECIALISATION IN 
THE ScHOOL SrxTH-FoRM COURSE ? 


I cannot agree that the future physicist 
specialises too much at school and here 
are my reasons. The average physicist 
spends eight years at a grammar school ; 
for the first four or five years of that time, 
he spends two-thirds of his time on the 
humanities and one-third on science and 
mathematics, and in the last three years 
at school he spends one-quarter to one- 
third of his time on the humanities. If 
he has been to a boarding school, he will 
have spent about three-quarters of his 
time on the humanities for the first five 
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years of his secondary education, and 
will still spend one-quarter to one-third of 
his time on the humanities in the sixth 
form. These are the facts in the majority 
of schools in this country and I submit 
that they refute the charge that scientists 
are specialising too much in the schools 
today. When I was a boy forty years ago 
at one of the leading day schools in the 
country, there was little, if any, serious 
study of the humanities in the science 
sixth and I have no reason to think that 
that school was in any way exceptional. 

Nor can I agree that the Oxford and 
Cambridge scholarship examinations force 
too much specialisation on the schools. 
Again what are the facts? I have been 
one of four members of the Science 
Masters Association who have sent in 
comments on these papers for the last 
seventeen years and the Cambridge 
Physics Scholarship papers today test no 
more ground than those I tried to answer 
thirty-nine years ago—and is this right in 
view of the large amount of physics that 
has been discovered in this time? I have 
been helping in the preparation of boys 
for Oxford and Cambridge scholarships 
for thirty years now, and the potential 
scholar is quite capable of answering these 
papers without being unduly pressed or 
without spending more than a reasonable 
time on his science. It may well be that 
some pupils are over-specialising in the 
attempt to reach the standard of these 
papers ; but that is not the fault of the 
papers, but of us in the schools in trying 
to prepare unsuitable pupils for them and 
will, I think, soon disappear, as local 
authorities now give reasonable assistance 
to potential physicists to go to the univer- 
sity even if they are well below the 
standard of an open scholarship. 

Again what is taught in the sixth form 
should be determined to some extent by 
the interests and capacity of the pupils. 
They can not only understand and enjoy 
Newton’s rings, some elementary electro- 
static theory including Gauss’s theorem 
suitably taught and so on, but they are 
also interested in, have heard about and 
can understand some of the modern de- 
velopments of physics ; they can under- 
stand the explanation of the photo-electric 
effect and Compton effect on the quantum 
theory and they can grasp some of the 
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simple facts about atomic energy, but they 
would be quite unable to follow a dis. 
cussion of the logical definition of mass. 

May I suggest that university lecturers 
think of physics as a logical sequence of 
ideas, and they draw a line somewhere 
in this sequence and expect the schools 
to teach everything and their pupils to know 
everything to the left of the line, leaving the 
universities to teach everything on the 
right of the line. But the human mind 
does not work like this ; pupils at school 
are interested in and can learn some of 
the things on the right of the line, and a 
pupil does not learn all about what is 
on the left of the line by going through 
it once or even twice. The universities 
sometimes complain how little their pupils 
know when they come to them ; as one 
of the few persons in this room who has 
taught both in a university and in a school, 
I would venture to suggest that if sixth- 
form work in schools was taught by univer- 
sity lecturers, the pupils would know even 
less than they know now ! 

Is not the point that there is bound to 
be some physics which must be taught 
both in the schools and in the universities ; 
there must be a good deal of common 
ground in the last year’s work at school 
and the first year at the university? I 
believe that these complaints and difficul- 
ties could be eliminated if there was more 
co-operation between the universities and 
the schools about the right way to deal 
with this common ground and I urge the 
universities to invite the schools to discuss 
this problem with them. For example, I 
would suggest that the Physics Department 
of the University of Bristol should invite 
the South-western Branch of the Science 
Masters Association to discuss this com- 
mon ground and to formulate practical 
proposals. Take the case of light ; I think 
that physical optics in the sixth form 
should be based on a discussion of the 
material corpuscular theory and wave 
theory of light. At the university the 
treatment should be logical, beginning 
with the equation of wave-motion and the 
deduction of its various consequences, 
each of which is then investigated experi- 
mentally. These two treatments are s0 
different, that if one follows the other, the 
student would hardly realise that he was 
covering the same ground and _ there 
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would be no complaints of the able 
students being bored. 


Tue Puysicisr A SERVANT OF 
Society 


Is physics an end in itself? In so far as 
it is the disinterested pursuit of knowledge 
for its own sake, it is ; and in this material- 
istic age we shall do well to remember 
that the richest material benefits come 
from the practical application of new 
knowledge, which at the time of its dis- 
covery was thought to be of no practical 
value. ‘Seek ye first the kingdom of 
heaven and all these things shall be added 
unto you.’ But there are other things in 
the kingdom of heaven besides natural 
knowledge ; above all, there is man and 
his relations with other men and with 
God. Physics, then, though at its best an 
end in itself, is not the supreme end and 
the physicist is the servant, not the master, 
of society. So, while we are laying the 
foundations of his training in physics in 
these two or three years at school, we must 
also fit him to be an effective servant of 
society. We must, therefore, continue 
to teach him the English language and its 
literature ; first, to enable him to com- 
municate his ideas in simple non-technical 
language to his fellow-countrymen, the 
majority of whom are not interested in 
physics but only in the benefits it can 
bring to them ; and, secondly, to bring him 
in touch through English literature with 
the movements and ideas that have stirred 
and are stirring his fellow-countrymen. 
For it is only if he knows of and is sensitive 
to these ideas that he can see how to make 
his physics serve the aims of society. But 
the ideas which stir his fellow-countrymen 
will also influence and are influenced by 
ideas moving foreign peoples and, indeed, 
the whole of humanity, so quickly do 
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ideas spread in this modern world of 
quick transport and rapid communica- 
tion, which is one of the gifts of science. 
So our physicist, who should already have 
some acquaintance with one or two foreign 
languages, must continue the study of one 
foreign language. The aim of this study 
should be to enable him to read and speak 
the language easily and to teach him 
something of the history and culture of its 
people. He will then be able to exercise 
an effective influence on other countries 
and be sensitive to their aspirations as he 
moves about the world in the course of his 
work, as he certainly will do. When the 
physicist is learning about the laws of 
nature, he is learning about one aspect 
of God; but there is another aspect of 
God, which is revealed in His dealings 
with men and in their dealings with one 
another. And because he is a man as 
well as a physicist, he should also be 
taught some Divinity, in order that he 
may learn something about this other 
aspect of God and so be made not only 
a more complete and better man but 
surely also a better physicist. Many 
schools accept fully the responsibility for 
this part of the training of the physicist in 
English, a foreign language and Divinity. 
But it still remains true that many of the 
boys do not take the same interest in this 
part of their work as they do in their 
specialist subjects, partly because we have 
not yet convinced them that it is an 
essential part of the training or education 
of a physicist. Finally I would plead that 
the universities should follow up the 
foundations laid in the schools by giving 
suitable encouragement to their physics 
students to continue to read good English 
books and to go on learning a foreign 
language and to take a serious interest in 
the religious life of the university. 


547 20 


hey 
lis- 
"ers 
of 
4 
ols 
(OW 2 
the 
the 
ool 
he 
igh 
ties 
one 
has 
ol, 
th- 
yen 
to 
ght 
ool 
I 
ul- 
ore 
nd 
eal 
the 
uss 
1 
ent 
ice 
m- 
cal 
nk 3 
he 
ve 
ng 
he 
eS, 
he 
yas 
re 


THE CONTRIBUTION OF PSYCHO-ANALYSIS 
TO THE UNDERSTANDING OF HUMAN 
BEHAVIOUR 


Section J (Psychology) devoted the morning of Monday, September 5, 1955, at the 
Bristol Meeting of the British Association, to a discussion of the contribution of psycho- 
analysis to the understanding of human behaviour. The Rev. Prof. J. Nuttin, of the 
University of Louvain, dealt with human behaviour and the psycho-analytic theory 
of motivation. Prof. A. C. T. W. Curle, of the University College of the South-West 
of England, Exeter, contributed a paper on psycho-analysis and the study of society. 
Dr. Cecily de Monchaux, of University College, London, completed the discussion with 
an account of psycho-analytic findings on the way in which thinking is affected by 
motive and emotion. 

The three papers, which are printed below in the order in which they were delivered, 
have been edited by Dr. C. de Monchaux. 


HuMAN BEHAVIOUR AND THE PsyCHOo- 
ANALYTIC THEORY OF MOTIVATION 


by 
Professor Joseph Nuttin 


Wen Freud first defined the contribu- 
tion psycho-analysis is able to make to 
the understanding of human behaviour, 
he emphasised the fact that this contribu- 
tion can only be a partial one: that 
psycho-analysis cannot claim to be a 
complete psychology. Gradually, how- 
ever, psycho-analysis has broadened the 
field of its investigation, and in recent 
years it has shifted its interest and em- 
phasis from the impersonal impulses of the 
id to the more ‘ personalised ’ processes 
of the ego. 

Each time a science enters into such a 
new phase of development, its basic 
underlying concepts stand in need of 
revision. This is exemplified, for instance, 
in modern physics, where the concepts 
of time and mass had to be revised in 
order to permit new developments. In 
becoming a psychology of the ego, 
psycho-analysis also demands revision. 
Among others, this is particularly true of 
Freud’s concept of the mental apparatus. 

Moreover, psycho-analysis, like most 
of our contemporary theories of behaviour, 
is based on concepts which do not origi- 


nate in the study of behaviour itself, but 
are borrowed from other sciences studying 
phenomena with quite different charac- 
teristics. Thus, for instance, certain fun- 
damental concepts in psycho-analysis are 
borrowed from physics, and we must 
enquire whether certain specific features 
of behavioural phenomena are overlooked 
or distorted by the use of such concepts. 

I will try to show in this paper how 
psycho-analysis, in order to develop to- 
wards a psychology of the behaving ego, 
must revise some of its underlying con- 
cepts borrowed from the Helmholtz School 
of Medicine, of which Freud—via Briicke 
—was a pupil and a collaborator before 
he became a psychologist. 

Looking at human behaviour without 
theoretical bias and outside the framework 
of concepts borrowed from other sciences, 
one is struck by the fact that man in our 
culture is always trying to work out some 
project or self-assigned task. Working 
at his projects and tasks is the way in 
which he realises himself in his world. 
Man feels unhappy and even disturbed 
as soon as he has nothing meaningful or 
worthwhile ‘ to be done,’ i.e. when he has 
no project to realise or no task to fulfil. 

Behaviour—as the realisation of pro- 
jects—is essentially an effort to establish 
some pattern of meaningful relationship 
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between the behaving subject and the 
world in which he is living. Thus, the 
behaving subject and the world are two 
inseparable poles of a functional unity 
which underlies the possibility of real 
behaviour, and which, therefore, is the 
keystone phenomenon to be explained in 
theoretical psychology. In no other phe- 
nomenon, physical or physiological, do we 
find the kind of relation between a sub- 
ject and an outside world that we find 
in behaviour. The way in which a psycho- 
logical theory formulates this relation 
will, therefore, be of the utmost impor- 
tance for the adequacy of its fundamental 
concepts. 

The first point, then, that I wish to 
examine is whether the way in which 
Freud conceived of the relation between 
the ego and the world provided psycho- 
analysis with conceptual tools which are 
adequate for a theoretical explanation of 
human behaviour and its motivation. 

Instead of viewing the behaving sub- 
ject and the outside world as two insepar- 
able poles of a functional unity, Freud 
primarily looked at man as at an ‘ appa- 
ratus,’ the chief concern of which was to 
get rid of the world. In order to under- 
stand this strange view one should know 
that Freud did not originally look at man 
from a behavioural point of view. As a 
pupil of the Helmholtz School of Medi- 
cine, he first looked at the organism, and 
more especially at the nervous system, 
from the viewpoint of Helmholtzian 
physics and physiology. This view he 
applied later to the mental apparatus. 
The latter is thought of as a closed physical 
system of forces in a state of equilibrium. 
The fundamental law of that system is 
that it avoids all that disturbs its dynamic 
equilibrium, i.e. all stimuli. As soon 
as its ‘ quantity’ of energy is increased 
by stimulation, the system tries to get rid 
of it by discharging the energy in motor 
reaction. 

Therefore, Freud argues, psychological 
functioning or behaviour is to be con- 
ceived on the model of the reflex arc, and 
the mental apparatus as primarily a 
reflex apparatus. In fact, the reflex is 
characterised by a kind of activity in 
which sensory stimulation is immediately 
converted into a motor discharge. Thus 
the primary attitude of mental life towards 


the stimulating outside world is charac- 
terised by a reaction of flight from fear 
of stimulation (Reizflucht). 

These basic Freudian ideas were first 
expressed in neurological terms. The 
neurons, Freud said, tend to be ‘ empty’ 
of excitation. As soon as they are ‘ cath- 
ected,’ i.e. ‘ filled’ with a flow of excita- 
tion by stimulation, the apparatus starts 
its activity in order to discharge the flow. 
Thus cathexis refers primarily to the fact 
that some neurons which tend to be empty 
are filled by a flow of increased stimula- 
tion. Behaviour is primarily a discharge, 
since the apparatus cannot stand increase 
in the ‘ quantity’ of excitation. Discharge 
means pleasure ; tension, as increase of 
excitation, means pain. 

One should not exaggerate the impor- 
tance of these early neurological formu- 
lations which Freud attempted in his 
* Project’ of 1895.4 But although this 
terminology was later disavowed by the 
author himself, several essential points in 
his later psychology are based on these 
concepts. 

* * * 


The aspect of mental functioning which 
I have just now described is called by 
Freud the ‘ primary process.’ But he 
points out that the human apparatus 
does not actually function in this way. It 
reached its present more complicated way 
of functioning by partially replacing this 
primary process of direct discharge of 
energy by a secondary one which is at 
the origin of inhibition, reality testing, 
adjusted behaviour, and the creation of 
the ego. 

I do not intend to describe here this 
well known secondary process and reality 
principle. According to Freud, this secon- 
dary way of functioning originates in the 
fact that most stimulation arises, not 
from the outside world, but from in- 
ner organic needs. Flight, as from the 
outside world, and direct discharge in 
motor reaction are no longer effective 
here. In order to get rid of this inner 
stimulation the organism has to employ 
another strategy. Only by reaching cer- 
tain objects in the outside world will the 

1 Freud, S., Aus den Anfangen der Psychoanalyse. 
Briefe an Wilhelm Fliess, Abhandlungen und Notizen 
aus den fahren 1887-1902. London: Imago Pub- 
lishing Go., 1950. 
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organism be able to satisfy these needs 
and thus stop inner stimulation. In this 
way, the outside world gains a new mean- 
ing : it is not only to be avoided from fear 
of stimulation, but it is also to be sought 
for as an object of need gratification. This 
idea could have been very important ; 
indeed, it could have given the world its 
positive meaning. This, however, is not 
really the case. Freud’s basic idea that 
the outside world is to be primarily 
avoided comes up again. In fact, the 
primary mode of need satisfaction is by in- 
ternally imagining or ‘ hallucinating’ the 
satisfying object and not by behavioural 
dealing with the outside world in order 
to find the object itself. Freud tries to 
give some plausibility to this theory by 
interpreting the mother-child relationship 
in early infancy. It seems obvious that 
one should conceive of this relationship 
as that by which the infant comes into 
psychological or behavioural contact with 
the world. Not only biologically, but still 
much more psychologically, the mother 
is the channel via which the child enters 
into the world. One is therefore surprised 
to see how Freud is willing to conceive of 
maternal care and of the behavioural 
child-mother relationship as of a closed 
system situated in the inner life of the 
child. In fact, Freud finds this mother- 
child unity comparable to the state of 
the embryo in a bird’s egg, enclosed 
and isolated from the world by an egg- 
shell. 

In regard to this primary form of need 
satisfaction by hallucinating the satisfying 
object, Freud’s views are in contradiction 
to behaviour—and learning—theory. As 
Thorndike and Hull have shown, the 
primary way in which satisfying objects 
influence the organism’s behaviour is not 
by eliciting images, but by making the 
organism more ready to execute the re- 
warding behavioural reactions themselves. 
In other words, the primary process 
operates on the level of behavioural con- 
tact with outside reality itself, and not 
on the level of imagination or ideation 
which is a much more elaborate and 
advanced form of ‘ internalised ’ reaction. 


* * * 


I have emphasised the primary process 
of the mental apparatus. One could 


object, however, that it is of no use to 
emphasise Freud’s concept of this primary 
process and the pleasure principle, since, 
according to his own views, this process 
is only a remnant of earlier stages of 
development: no mental apparatus, he 
argues, functions or could actually func- 
tion in this primary way. 

In order to answer this question, one 
should not forget that Freud’s genetic 
view of man’s psychological life is a very 
peculiar one. According to his theory the 
primary process and the earliest stages of 
development are never really surpassed. 
The ego with all the behavioural perfec- 
tions of later stages is nothing other than 
a tool created by, and derived from, the 
primary stage itself in order to realise 
more efficiently the initial goal of energy 
discharge. This is also stated explicitly 
and repeatedly by Freud in his later 
writings. By the very fact that the primary 
processes are present in the mental appa- 
ratus from the first, while it is only during 
the course of life that the secondary pro- 
cesses unfold and come to inhibit and over- 
lay the primary ones, the core of our 
being, he says, remains inaccessible to the 
understanding and inhibition of the pre- 
conscious (i.e. to the influence of the 
secondary process). The part played by 
the latter, Freud continues, is restricted 
once and for all (in consequence of its 
belated appearance) to directing along the 
most expedient paths the wishful impulses 
that arise from the unconscious (i.e. the 
pleasurable discharge according to the 
primary process).+ 

One cannot sufficiently emphasise the 
importance of this basic idea in Freudian 
theory for the explanation of human 
motivation and behaviour. Freud’s view 
of man is not a genetic one in the ordinary 
sense of the word ; it is a theory in which 
the ‘ core of our being,’ as he says, remains 
once and for all on the level of the earliest 
stage of psychological functioning. In 
order to be consistent with these ideas, 
ego functioning, thinking, and behavioural 
contact with the outside world are to be 
reduced to the role of secondary forma- 
tions. This not only means that they are 
chronologically successive to earlier stages 
—which is certainly right—but that once 


1 Cf. S. Freud, The Interpretation of Dreams (1900); 
Standard Edition, vol. V, p. 603. 
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and for all, as Freud says, man as an ego 
dealing with the real world and realising 
himself in the world, is conceived of as a 
detour process in the service of an 
organism whose restless activity is nothing 
else than an effort to stop stimulation 
and to come to rest in a self-enclosed 
state. 

As Fenichel puts it: ‘ the first accept- 
ance of reality is only an intermediary 
step on the road to getting rid of it.’? 
The outside world is sought only as an 
instrument to be employed in its own 
banishment. This is probably meant, 
Fenichel adds, when it is sometimes 
stated that hate is older than love. 

It seems, at first glance, that Freud has 
also elaborated a more positive and 
valuable concept of reality. As a matter 
of fact, he conceives of the capability of 
man to face and to accept reality as the 
characteristic of a healthy personality. 
‘We have long observed,’ Freud says, 
‘that every neurosis has the result, and 
therefore probably the purpose, of forcing 
the patient out of real life, of alienating 
him from reality. . . . The neurotic turns 
away from reality because he finds it 
unbearable.’ 2 However, what is pri- 
marily meant here by reality is the inner 
world of the patient’s organic needs, 
wishes, and impulses, which he cannot 
accept. In fact, Freud states that it is by 
introducing the concept of repression that 
he has been able to gain insight into the 
relationship between neurosis and escape 
from reality. The unbearable reality is, 
therefore, primarily the repressed content 
of one’s inner impulses. Indirectly, how- 
ever, repression of the inner impulses also 
entails greater avoidance of outside reality. 
Repression, Freud argues, is able to create 
mechanisms in the mental apparatus which 
cut off the stream of stimulation from the 
outside. When dynamic contents of the 
inner world are banned from conscious- 
ness, parts of the outside world which are 
related to these repressed contents are also 
cut off. In this way the range of interests 
and experiences is narrowed and percep- 
tion is limited. This process ends in what 


1 O. Fenichel, The Psychoanalytic Theory of Neurosis, 
New York, 1945. Cf. p. 35. 

* Formulations regarding the Two Principles in Mental 
Functioning, Ges. Werke, 1911. VIII, p. 230. 

Ibidem, Ibidem. 


Anna Freud has called the ‘ restriction of 
the ego.’5 

To sum up: Freud’s view of man is 
primarily a theory concerning the ener- 
getic equilibrium of a closed physical 
system whose ideal state is undisturbed 
rest and whose chief behavioural concern 
is to get rid of every kind of stimulation 
or disturbance. Motivation, therefore, is 
discharge of accumulated stimulation or 
energy. The outside world is primarily 
conceived of as a source of stimulation to be 
avoided and secondarily as a need-satisfy- 
ing object by which the organism—via 
ego functioning—is able to get rid of inner 
stimulation in an indirect way. This basic 
Freudian view of man, based on Helm- 
holtzian physics, is one of the first con- 
cepts which need to be revised in order 
unambiguously to develop the contem- 
porary trend towards ego psychology. 
When Freud in his later writings conceives 
of neurosis as originating in a conflict 
between the libido and the ego, this could 
be interpreted in terms of an ego impelled 
by its own dynamics. However, in the 
framework of Freud’s basic ideas, this 
conflict cannot mean anything other than 
a struggle between two mechanisms of the 
same energy discharge: the id striving 
for direct discharge, and the ego looking 
for the same discharge along more ex- 
pedient and less painful ways. 

I shall now try to give some positive 
evidence of the insufficiency of Freud’s 
theory about the primary process as 
expressing the ‘ core of our being.’ This 
theory seems to apply partially to the 
organism of the infant in the first days of 
life. The infant’s life alternates between 
hunger stimuli and sleep. Hunger is inner 
stimulation which the organism tries to 
get rid of ; getting rid of this stimulation 
by taking in food entails pleasure. After 
satiation, the organism is relatively free 
of excitation and sleep sets in. Thus, sleep 
is considered the ideal state to which the 
organism tends. Its behaviour is an effort 
to get rid of the stimulation in order to be 
able to sleep again. 

Nobody will contest that this form of 
functioning of the mental apparatus may 
be characteristic of some stages and levels 
of development. However, there is no 


8 A. Freud, The Ego and the Mechanisms of Defence, 
New York, 1946. Cf. Chap. VIII. 
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reason to conceive of this kind of activity 
as eventually dominating and motivating 
all further behaviour. Moreover, Freud 
did not realise, as Hartmann says, that 
the development of a secondary process 
—i.e. ‘ the ability to renounce immediate 
pleasure-gain in order to secure a greater 
one in the future—cannot be derived from 
the pleasure-principle alone; not even 
memories of pain experiences suffice to 
explain it’!; it implies the existence, 
from the very beginning, of potentialities 
different from the primary process. 
Contemporary research more and more 
emphasises the aspect of ‘ openness’ and 
exposure to the world as fundamental in 
psychological life. The need for dealing 
with objects seems to be something basic 
in behaviour. Man cannot stand the 
absence of contact with the outside world 
even when his organic needs are com- 
pletely satisfied. Recent experiments give 
convincing evidence on this point. In one 
of these experiments, performed in the 
laboratory of McGill University at Mon- 
treal, the subjects were asked to do noth- 
ing. They simply had to lie down on a 
comfortable couch in a dark, soundproof 
room, so that they received practically 
no stimulation from the outside world. 
Primary needs were met very well and 
the subjects were handsomely paid— 
twenty dollars a day—to do nothing. 
The results of this experiment show that 
after ten or twelve hours of isolation, the 
whole mental apparatus becomes deeply 
disturbed by this absence of outside stimu- 
lation. The subjects are no longer able 
to behave normally or to think ; more- 
over, they become emotionally disturbed. 
They obviously cannot stand it. Even 
those among the student-subjects who 
were in real need of earning money gave 
up this easy way of earning twenty dollars 
a day and preferred to take up a job and do 
hard work paying only seven dollars a day. 
Moreover, one of the main drives of man, 
and even of children and anthropoid apes, 
as Harlow has shown, is the need to ex- 
plore the outside world for the sake of 
exploration itself. This all seems to be 
incompatible with the view that man 


1 Cf. H. Hartmann, ‘ Ego psychology and the 
problem of adaptation’ (1939). In Rapaport, 
Organisation and Pathology of Thought, New York, 
1951, p. 381. 


primarily tries to get rid of stimulation 
and the world. 

As to the Freudian theory of motivation 
conceived of as energy discharge, this 
conception may be adequate to explain 
some elementary forms of motivation and 
biological need reduction, but it cannot 
account for the more constructive aspect 
of behaviour, namely the fact that man 
tries to make something worthwhile of his 
life, and that he takes innumerable risks 
in order to realise his projects. The healthy 
personality likes tensions, and not only 
discharge of tensions ; he likes responsi- 
bilities and risks which are the ways in 
which he actualises his potentialities, 
Thus, the main fact to be accounted for in 
human motivation is precisely this con- 
structive impulse, the planning of new 
realisations and the destruction of the 
state of equilibrium as soon as it has been 
reached.? One should not forget also, as 
Scheerer ® argues, ‘ that already the early 
stages of child development contain grati- 
fications other than tension discharge. In 
the interaction between perception, 
mobility, cognition and the object-charac- 
teristics as dealt with by the child, the 
fact that there is more involved than 
tension release has been shown by the 
work of C. H. Buehler, W. Stern, Gesell, 
and others.’ 

I have also been struck very often by 
the fact that patients beyond the age of 
forty may become rather anxious about 
what they describe as a certain lack of 
tension and excitability in their psycho- 
logical life. Growing older, a certain state 
of ‘ rest’ enters the organism. Instead of 
being considered as an ideal state, this 
phenomenon is felt as a diminution of the 
personality. It is the first touch of death 
and creates its own unrest. Repeatedly 
these people try, by all kinds of more or 
less artificial stimulation, to test their 
degree of responsiveness and possibility of 
‘enthusiasm.’ The menace of drowning 
in a psychological sleep is precisely what 
they cannot stand. 

Finally I should like to mention very 
briefly the concept of the ego as developed 
by Freud in his later works. 


2 Cf. Nuttin, ‘ Personality,’ Ann. Rev. Psychol., 
1955, VI, 161-186. 

Cf. Scheerer, Book review, 7. abnorm. (so¢.) 
Psychol., 1952 (47), p. 272. 
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Freud, as is well known, conceives of 
personality as composed of three so-called 
agencies or systems: ego, id, and super- 
ego. In order to understand the implica- 
tions of this way of thinking about 
personality, we should go back to Freud’s 
earliest writings. In his unpublished 
‘Project ’ of 1895 Freud finds it necessary 
to introduce two kinds of neurons in 
order to account for two different mental 
functions, namely perception and memory. 
Later, in his Interpretation of Dreams,' the 
two kinds of neurons became two psycho- 
logical agencies or systems. ‘ We shall 
suppose,’ Freud says, ‘ that a system in the 
very front of the mental apparatus receives 
the perceptual stimuli but retains no trace 
of them and thus has no memory, while 
behind it there lies a second system which 
transforms the momentary excitations of 
the first system into permanent traces.’ 4 

This way of thinking becomes clear if 
we know what Freud has in mind when 
he says that obvious difficulties are in- 
volved in supposing that one and the 
same ‘ system ’ has to fulfil two functions. 
He refers here to what is said about this 
problem in the Studies on Hysteria (1895). 
In a reflecting telescope, it is said there, 
the part that functions as a mirror cannot 
at the same time be a photographic plate. 
By analogy, different parts or systems are 
supposed to be necessary for the different 
aspects of psychological functioning. Here, 
once more, we see the primitive mechani- 
cal model underlying Freud’s psycho- 
logical theory. What is interesting for us 
to see now is that, more than twenty years 
later, Freud introduces his distinction 
between the ego and the id with the same 
terms concerning ‘ agencies ’ and ‘ systems’ 
as here. Thus, in the structure of the 
human personality, as in a reflecting 
telescope, different systems or agencies 
must be introduced in order to account for 
different aspects of its functioning. 

_ The only point I wish to emphasise here 
is that this way of thinking based on 
physics reveals, once more, an essential 
aspect of the theory of motivation. We 
cannot adequately conceive of human 
conflict, for instance, as an impersonal 
quantity of energy, localised, so to speak, 
in the impersonal sphere of the id, which 
1s not allowed to enter the sphere of the 
1 Cf. Standard Edition, V, p. 538. 


ego. Conflict and the traumatic character 
of conflict originate in the fact that the 
conflicting forces are both ‘ personalised,’ 
or experienced as being ‘mine.’ Both 
belong to man as a personal being or an 
ego. The ego-character of the instinctual 
impulses is an essential aspect of human 
motivation and conflict. No doubt, the 
Freudian way of thinking corresponds 
to some real cleavages in the human 
personality, but it seems essential not to 
neglect the personalised unity, i.e. the 
ego-character, of both conflicting forces. 
Neurosis is not the result of a conflict 
between an impersonal energy or an id and 
the ego ; it is rather to be considered in 
the framework of the non-accepted ego- 
character of both conflicting forces. Per- 
sonality is damaged and disturbed because 
both forces are ‘mine’ and cannot be 
integrated in the same ego. The result 
of this earliest physical inspiration of 
Freud is an impoverished concept of the 
ego. One should not necessarily continue 
to pour the new wine of contemporary 
ego-psychology into the old vessels of 
Freud’s provisional theory about the 
mental apparatus. 

As I said in the beginning, each time a 
science enters into a new phase of develop- 
ment, it is in need of revision of the basic 
concepts underlying its earlier stages. 
Investigating the ego, not only as a deri- 
vative of the impersonal libido, but in its 
own right as the personal way of existing 
and behaving of the human individual, 
dynamic psychology is faced with the 
task of elaborating a theoretical frame- 
work which enables us to look at the 
‘mental apparatus’ in its fundamental 
orientation towards the world and in its 
constructive efforts to realise its concept 
of the Self. 


PsyCHO-ANALYSIS AND THE STUDY OF 
SOcIETY 


by 
Professor A. C. T. W. Curle 


Tue relationship of the individual to 
society is a problem which has long exer- 
cised philosophers and political scientists, 
while recently it has also concerned the 
relatively infant social sciences. However, 
although a considerable amount is now 
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known about individual behaviour and 
the impact of society upon the individual, 
and, on the other hand, about the struc- 
ture and functioning of social groups, there 
is still a significant area of ignorance due 
to the fact that the disciplines of psycho- 
logy have been developed with the study 
of the individual in view ; while those of 
social anthropology and sociology have 
focused upon society, which, though com- 
posed of individuals, owes its organisation 
to historical, economic and _ traditional 
factors which, as it were, lie outside the 
experience of the individual save in so far 
as their effect impinges upon him. To 
this extent, the psychological study of an 
individual’s mind tells us little more 
about the society in which he lives, than 
the study of a living cell will tell us about 
the organism of which it forms part. 

There are, of course, obvious intercon- 
nections between individual and social 
behaviour, but these have often merely 
served to obscure the real complexity of 
the problem. They have led men like 
Kardiner, for example, to interpret the 
whole of a social structure in terms of pre- 
valent individual neuroses and so to draw 
an entirely different picture from that 
depicted by the anthropologists. 

Of all psychological disciplines, psycho- 
analysis is perhaps best fitted to elucidate 
the relationship of individual to group 
behaviour. There are two reasons for this. 
Firstly, Freud himself was a neurologist 
who for many years concentrated on and 
never lost interest in the task of interpret- 
ing his findings in neurological terms. 
Had he lived another fifteen years, he 
might have found, in the work of men like 
Professor J. C. Eccles, a more precise 
neurological equivalent for concepts like 
repression, cathexis, the principle of 
inertia, and so on. Thus psycho-analysis 
should be treated as a psychological dis- 
cipline, which means that its account of 
the individual should be founded on fact 
rather than phantasy, having precise 
neuro-physiological corollaries. Secondly, 
he was keenly aware of the effects of 
society (particularly in the microcosmic 
sense of the parent-child relationship) on 
the mind of the individual, and in his 
sociological writings he tried to show how 
the effects of what he held to be universal 
psychological properties played their part 


in the destinies of nations. Unfortunately, 
at the time when he wrote Totem and 
Taboo and Moses and Monotheism, there was 
virtually no anthropological fieldwork 
upon which he could draw, and his con- 
clusions are not now considered valid. 
Nevertheless, Freud viewed man on the 
three levels of neurological, psychological 
and sociological description, and every 
comprehensive view of human behaviour 
must surely be considered in terms as wide 
as this. 

It is possible, however, that for methndo- 
logical reasons we may never be able to 
fuse these three techniques of description 
in a single frame of reference ; that there 
is no possibility of what might be termed 
‘ Unified Field Theory ’ of individual and 
social behaviour. 

However, without being able to describe 
simultaneously neural behaviour and the 
thoughts or images associated with it, we 
may perhaps approach the problem from 
another angle, that of types of function. 
When a memory is repressed into the un- 
conscious, it is clear that some neuro- 
logical mechanism must inhibit its entry 
into conscious thought ; that is to say, 
that in some sense, of which I am not 
qualified to attempt a description, the 
‘memory records’ retained in the cortex 
cannot be readily linked, or at least are 
not linked in the same way in which are 
linked those memories to which we have 
ready access. It is perhaps not too rash to 
suggest that there has been some alteration 
in the pattern of neural communication. 

If this is so in the neurological, it is even 
more so in the mental sphere. We need 


hardly enlarge upon the fact that many of | 


the mental processes with which psycho- 
analysis is chiefly concerned involve shifts 
in communication between memories. 
In the psychopathology of everyday life, 
Freud shows neatly and convincingly how 
we come to forget or to make simple 
mistakes in speech, and these minor 
aberrations only reflect the more deep- 
seated cleavages within the mind, between, 
for example, the complex and disrupting 
phantasies of the neurotic and the con- 
scious thought which rationalises their 
obscure and indirectly felt impact. One 
patient, for instance, rationalised his fear 
of women by believing that marriage 
would interfere with his work, while 
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analysis revealed an infantile phantasy 
that all women had a crocodile in their 
bodies. Yet again, the much publicised 
Oedipus situation offers several types of 
example of the change in communication 
between different facets of mental life : 
the boy child’s jealousy for his father 
counteracted by his sense of guilt ; repres- 
sion of jthis painful conflict into his un- 
conscious ; the subsequent indirect impact 
on his behaviour and conscious thoughts 
of this hidden and ‘ forgotten’ conflict. 
This may seem far away from the study 
of society, but we come nearer to our goal 
in considering the effect of an individual’s 


mental organisation upon his relationships 


with other individuals. 

There is good reason to suppose that we 
create a mental image of all the people 
and things which we experience. This 
image is not an exact photograph, but is 
affected by the way in which we see them, 
which in turn depends on the images 
already in existence. Consequently, our 
relationship with our friends is at least in 
part a product of all relationships, and we 
may be able to notice a certain con- 
sistency which runs through all our deal- 
ings with others. All our relationships are, 
in fact, dominated by what Rickman 
called ‘ the internal society.’ This phase 
suggests that we cannot consider interna- 
lised images as static, but as interacting. 
We do not, it seems, create isolated 
images, but images which are connected 
because the originals from which they are 
drawn were dynamically connected in our 
lives. A child, for instance, internalises 
images of his parents and his brothers and 
sisters, and these form part of a dynamic 
system in his mind, reflecting, in a dis- 
torting mirror, the whole situation which 
he has experienced. Moreover, he carries 
around with him this picture of his family 
and deals with the subsequent circum- 
stances of his life in terms of it. The con- 
tinuance of these patterns of reaction is 
simply illustrated by the very common 
example of the man whose relationships 
with his wife are dominated by the expecta- 
tion that she will behave like his mother. 

These internalised patterns lie deep in 
the core of personality. It is not simply 
that they determine habits of reaction, 
but that the relationship they have 
within the personality—derived in a sense 


from their external relationship, real or 
imagined, with the objects from which 
they are taken—determines the whole 
emotional life of the individual. Thus 
when we speak of conflict, we speak of 
tension between two or more segments 
of the pattern of internalised images, both 
of which call for a different manner of 
response to external circumstances. 

It would be false to believe that interna- 
lised images need follow even approxi- 
mately the objects from which they are 
taken. Melanie Klein, who gives a terri- 
fying picture of the strange pantheon 
inhabiting the child’s mind, writes as 
follows : ‘ We get to look upon the child’s 
fear of being devoured, or cut up, or torn 
to pieces, or its terror of being surrounded 
and pursued by menacing figures, as a 
regular component of its mental life ; 
and we know that the man-eating wolf, 
the fire-spewing dragon and all the evil 
monsters out of myths and fairy stories 
flourish and exert their unconscious in- 
fluence in the phantasy of each individual 
child, and it feels itself threatened and 
persecuted by those evil shapes. But I 
think we can know more than this. 
I have no doubt from my own analytic 
observations that the real objects behind 
those imaginary, terrifying figures are the 
child’s own parents, and those dreadful 
shapes in some way reflect the features of 
its father and mother, however distorted 
and fantastic the resemblance may be.’ 

According to Fairbairn, the freedom of 
the individual from various forms of 
neurosis and insanity depends on his 
ability to use these internalised figures 
in order to create realistic relationships 
with others. By realistic, I mean simply 
relationships which work, which are the 
reciprocal, give-and-take relationships es- 
sential to the prosperity of any friendly 
association. As I have said, we form our 
picture of the world in terms of the picture 
of it which we have built up. If that pic- 
ture is highly unreal, dominated, for 
instance, by what Klein calls ‘ persecu- 
tors,’ then we will behave in our human 
relationships with suspicion or with abject 
submissiveness. If, on the other hand, our 
picture of the world has been built up in 
circumstances which did not impose great 
emotional pressures on us, we shall see it 
more objectively. 
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To talk about objectivity may seem to 
contradict what I have already said, but 
all these things are relative. The person 
who sees things in terms of the ‘ per- 
secutor ’ will not be able to see them also 
in terms of other people ; but an image 
which corresponds less fantastically to its 
object will act as a bridge leading the indi- 
vidual to the object rather than as a bar- 
rier separating him from it. In the latter 
case, the image will have performed its 
real function, and will then be very largely 
superseded by the new form of reality 
created by a concrete relationship. This 
may sound mysterious, but in fact it is an 
experience common to everyone. The 
preliminary stages of what later becomes 
close friendship are often obscured because 
we try to understand people in terms of the 
internalised experience we already possess. 
Only later do we learn to value them, as 
the phrase goes, for themselves. 

It is worth briefly commenting on one 
theory of the mechanics of the realistic, 
as opposed to the fantastic image. It 
seems likely that the very young child does 
not experience his mother as a single 
person, but as a number of individuals 
according to her mood or what she is 
doing. He will see her as a kind person 
who feeds him, as a cruel person who does 
not feed him when hungry, and so on. 
Each of these images of her will form part 
of the complex hierarchy upon which he 
bases his responses to the world. But at a 
later period, he realises that all these per- 
sons are one. Some children are unable 
emotionally to accept the fact that the 
good and the bad are in fact unified 
within the same object, and so maintain 
a type of dichotomy in their minds. 
Reality for them is always split, and 
instead of accepting the inconsistencies 
and the mixed virtues and vices of life as 
a whole, they arbitrarily segregate their 
experience into different compartments. 
They see all things as white or black, good 
or bad, beautiful or ugly. They impose 
these categories on individuals, and their 
relationships with them consequently tend 
to be unrealistic and lopsided. Demand- 
ing perfection, they are horrified at any 
failing and break off the relationship, or 
else refuse to recognise it and project it 
outwards in the form of prejudice or 
irrational hatred. 


It must be emphasised that this type 
of splitting implies also a lack of com- 
municability between the various figures 
of the ‘ internal society.” Those who can 
tolerate the inevitable mixture of good and 
bad, at least in part, cannot only see 
things more clearly in terms of what they 
are, but have also a more unified ‘ internal 
society.’ Of course divisions of this type 
are never absolute. There are always 
regions of the mind which harbour irra- 
tional fears and phantasies, and what we 
call mental stress is painful simply because 
it touches upon these hidden parts and 
activates these fears. It is well known to 
everyone that when people are under- 
going emotional strain, they are apt to act 
unreasonably, to see nonexistent threats, 
to impute evil motives to others. They are 
reacting in terms of parts of their personali- 
ties which have become segregated from 
the interconnected balance of the rest. 

In order to see how these mental 
mechanics operate, it is necessary to con- 
sider more specifically their effects upon 
our relationships with others. If the com- 
munications between the several figures 
of our internal society are poor, our rela- 
tionship with other individuals will, be 
impoverished for several reasons. 

Firstly, the relationship will be unreal- 
istic because only a limited amount of 
experience (i.e. of our total personality) 
will be brought to bear upon it; conse- 
quently it will be seen out of proportion, 
unmediated by the balance of the whole. 
Secondly, this form of unbalance means 
that the relationship will be dominated 
by a particular facet of my personality, 
and will not flower from an equal inter- 
action between me and my friend. Thirdly, 
since the segmented nature of my per- 
sonality results from emotional stress 
which leaves a legacy of pain and unmet 
needs, I shall use the relationship for my 
own subjective ends ; I shall constantly, 
and without reference to the needs of my 
friend, be attempting to extract from my 
contact with him something which will 
alleviate my own particular anguish. It 
is because neurotic disturbance is apt to 
disrupt human relationships in this way, 
that it is so often egocentric. In fact the 
most sinister effect of emotional pressure 
is to break down the bridges linking our 
separate lives to those of other people. It 
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is the great tragedy of the neurotic indi- 
vidual that, having been damaged by— 
in most cases—lack of secure affection, 
he develops an emotional machinery 
which separates him from the affection 
of other people and thus perpetuates his 
misery. It prevents the individual from 
escaping from himself into close identi- 
fication with another person’s existence. 

These ideas may suggest that there is a 
pattern carrying right through from the 
neurological to the interpersonal spheres : 
segmentation within the personality leads 
to forms of relationship which effectively 
separate the individual from his fellows 
by projecting what has been called a 
‘phantasy screen ’ between them. 

I must conclude this part of my argu- 
ment by a rather oversimplified summing 
up. The burden of what I have been 
trying to explain is that there is a close 
connection between the inner communi- 
cations of the various structures of the 
individual’s personality, and the communi- 
cations which he establishes with others 
outside himself. This appears to me to 
be a convenient way of describing a 
highly complex set of factors which are 
both psychological (that is mental) and 
social. In some ways it is more con- 
venient than the elaborate mental geo- 
graphy plotted by the depth psycho- 
logists, since it is very hard to transfer to 
social issues concepts which have been 
developed to elucidate the complexities 
of the inner life of the individual. 

So much for the individual, then, and 
so much for his immediate relationship 
with his fellows. But these relationships, 
though intensely flexible, take place in a 
framework of society which is, so to speak, 
given to the individual. The larger and 
more complex the group, the less the con- 
tribution of individual personality, save 
in so far as the individual’s social self is 
concerned, that is to say, the particular 
aspect of him which is concerned with 
taking up a social role as a citizen, 
employee, church-goer, political party 
member, or whatever it may be. Indeed, 
a type of impersonality is the very basis 
of much of the social structure ; the law, 
for example, despite all the individual 
intelligences and experience which have 
gone into its development, is the personi- 
fication of impersonal justice and has 


maintained this character throughout 
enormous changes of individual outlook 
on many other matters. 

How, then, can psycho-analysis help us 
to understand this aspect of society? Of 
course, certain rather unhelpful hypo- 
theses can be found, to the effect, for 
instance, that the English love of justice is a 
compensation for guilt aroused by the 
Oedipus situation. This type of explana- 
tion, true or false, is of little value to the 
sociologist who is attempting to discover 
how a society works, that is, how its 
various institutions contribute, by their 
interactions, to its identity. 

But the principle of communication 
can be carried one step further. 

The study of small communities sug- 
gests that there is a correlation between 
the degree of integration within the com- 
munity and the extent to which the com- 
munity as a whole enjoys a relationship 
with external communities or institutions. 
For example, work carried out by the 
author and by G. D. Mitchell suggests 
that the disunited village community 
has also impoverished relationships with 
such bodies as the rural district council. 
There is unfortunately no space here to 
examine in detail the very complex 
evidence relating to this point, which is 
discussed in a forthcoming book. Suffice 
it to say that, as in the individual, so in 
the group, the type of relationship (insti- 
tutional in this case rather than inter- 
or intra-personal) is connected with the 
type of relationship established with 
bodies outside the groups. This, perhaps, is 
no esoteric doctrine, but one which would 
seem to conform to everyday experience. 

What conclusion can we then reach ? 
Psycho-analysis suggests that we may 
think of all levels of human behaviour 
in terms of communication. There is an 
obvious difference in the mechanism of 
neural, psychological and social com- 
munication, but the principle perhaps 
remains that wherever human beings are 
concerned there is a relationship between 
the organisation of communications at 
whatever level they occur. If we consider 
things in this light, we may perhaps avoid 
becoming enmeshed in sterile arguments 
about the precise character of mind-body 
relationships or of individual-society rela- 
tionships, and concentrate upon the study 
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of those factors which impede, facilitate 
or distort the mutual understanding and 
the mutual consideration of human beings 
for each other. The hypotheses of psycho- 
analysis are of the utmost value for this task. 

I have left until the end of this talk the 
question of group therapy, but if I have 
been able to be explicit, you may see the 
point to which I have been leading, 
namely, that the relationship between 
individual and group functioning is per- 
haps most clearly demonstrated in the 
therapeutic situation, in which the con- 
tribution of the individual to the structure 
of the group may determine his ability 
to restructure his own personality. The 
social scientist cannot experiment in the 
same way as the experimental psychologist 
or, of course, the natural scientist. The 
most he can do is to set a stage and then 
watch the players developing their indi- 
vidual parts; but in the intimate atmo- 
sphere of group therapy he has the 
opportunity to observe more clearly than 
in any other sphere the interaction of the 
individual and of society, as represented 
by the group. I believe that happenings 
within this human laboratory effectively 
demonstrate the principles I have tried 
to describe and that the mutual health 
of the individuals and the effectiveness 
of the group as a group depend upon the 
extent to which flexible communications 
can be established. You may recall Pro- 
fessor Karl Popper’s concept of the open 
society. I believe that the lesson of psycho- 
analysis is that the human personality 
must form an open society if it is to fulfil 
Freud’s criteria of health: the capacity 
to love and the capacity to work. And I 
believe that the open personality can most 
easily grow and most easily function in a 
society, whether in the restricted sense of 
the family, or of a much larger organism, 
which is also open in its internal and 
external communications. 


Tue CONTRIBUTION OF PsyYCHO-ANALYSIS 
TO THE PsyCHOLOGY OF THINKING 


by 
Dr. Cecily de Monchaux 


THE psychologist is never more aware 
that his task is like trying to solve the 
puzzle of the Chinese egg than when he 
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considers the mystery of thought. For 
here he cannot escape the realisation that 
all his conclusions are encased within the 
confines of his own limited thinking. If he 
is to proceed at all, he can only follow 
Whitehead’s advice, and assume some 
scheme as a starting-point. And having 
selected and stated his scheme, he must 
use it ‘unflinchingly’ as a means of 
interpreting experience. 

I intend in this paper to outline for you 
the scheme and assumptions which Freud 
adopted to study mental processes, and 
to present some examples of the human 
behaviour which this scheme helps us to 
understand. 

There are three broad approaches to 
the study of any psychological problem, 
two of which are, strictly speaking, the 
business of the psychologist. We may 
observe what a person does, and we may 
enquire what a person thinks or feels, 
including what he thinks he does. That is, 
we may look at another person from the 
outside, as we would look at an animal 
or at a machine, or we may look at him 
from the inside, making the assumption 
that a common language will serve to 
bridge the gap between our private ex- 
periences. If we use language in this way, 
we do so with a clear recognition that our 
observation is indirect and incomplete, 
that the full ‘inside story’ of another 
person’s experience can never be told. 
Some, who prefer the objective, be- 
haviourist approach, confine themselves 
to the first type of observation, while 
others try to combine this with the study 
of subjective experiences. Psycho-analysts 
fall into the second group, and, indeed, 
focus much of their attention upon the 
very points where the outside and inside 
evidence tell different tales: i.e. we are 
interested as much in the discrepancies 
between the two fields of observation as 
in their coincidences. Moreover, this implies 
that we will not necessarily consider such 
coincidences to be proof of the validity of 
our observations. 

I mentioned three approaches: the 
third, of course, is the study of structure— 
of the physical basis of behaviour. While 
this involves another level of observation 
and explanation, the study of the relation 
between it and psychology proper is of 
critical interest to all psychologists, and, 
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indeed, many theoretical schemes used 
by psychologists lean heavily upon obser- 
vations and ideas gathered from the 
neurophysiologist. In his early work, 
Freud, who began as a neurologist, used 
such semi-physiological models to classify 
and explain psychological processes, as we 
have had the opportunity to study recently 
with the publication of the early letters 
and draft manuscripts of his correspond- 
ence with Wilhelm Fliess. Although he 
subsequently detached himself from the 
use of neurophysiological metaphors, to 
establish a psychological theory in its own 
right, he always hoped for the day when 
it would be possible to co-ordinate ex- 
planations from psychology with those of 
neural structure and function. 

The core of the psycho-analytic theory of 
thought processes rests, however, on psy- 
chological observations of action, thought 
and feeling. 

The reasons why the psycho-analyst 
defines many of his problems in the study 
of thinking as problems in the relation 
between subjective and objective ex- 
perience—between ‘ inside ’ and ‘ outside ’ 
observations—are to be found in the 
scheme and further assumptions that he 
uses in his theory. 

Freud assumed a very close relation 
between thought and action. We find 
him saying, for instance, in the Jnterpreta- 
tion of Dreams, that thinking is inhibited 
action, ‘a roundabout path to wish- 
fulfilment which has been made necessary 
by experience.’ To clarify this idea, he 
develops a hypothetical model of the 
simplest form of thought: an hallucina- 
tory image.t We may think of this 
experience in terms of an after-sensation, 
or like the phantom limb which a patient 
hallucinates after amputation. The ex- 
ample Freud uses is that of a hungry baby 
who, before the first feed, can only 
respond to hunger stimuli by random 
motor responses. Once hunger needs have 


2 In his 1916 paper on the ‘ Metapsychological 
Supplement to the Theory of Dreams,’ Freud sug- 
gests, but does not develop the point, that the 
primary psychic act is one of negative rather than of 
Positive hallucination. This is consistent with the 
hypothesis of a primary narcissistic stage preceding 
that of object cathexis, i.e. a stage preceding 
interaction with objects, when the only way tension 
can be discharged would be by some internal 
Telease process. 
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been satisfied, however, their re-arousal 
will henceforth be followed by a rudi- 
mentary ‘ mental event —some memory- 
image of the object (mother—breast— 
milk) which, from outside, stimulating 
the infant’s sensory apparatus as well as 
serving its visceral needs, has brought 
relief. 

If hallucinatory images remained our 
only form of thinking, our adaptation to 
the environment would be no more effec- 
tive than that of the thirst-crazed man who 
tries to drink the desert sand. For, by 
itself, the capacity to imagine or remember 
a satisfying stimulus is of little use. What 
else is needed to complete our picture of 
the prototype of thinking ? 

First of all, the contrary experience— 
that the hallucinatory image does not 
correspond with the outer, real experience 
of satisfaction. For the infant must dis- 
cover that the inner image alone, without 
reinforcement from outside, does not allay 
hunger pangs. Only the real mother can 
do this. And so, out of many repeated 
occasions of association between mother— 
‘mother image ’—satisfaction, contrasted 
with no mother—‘mother image ’—no 
satisfaction, the infant learns to differ- 
entiate between inner and outer, to test 
reality, and perhaps we may go further and 
say, to distinguish between self and object. 
It will be clear that if there were never any 
delay between hunger pang and feed, there 
would be no occasion for the arousal of 
the intervening mental image. We may 
add therefore, as another assumption, 
that a certain degree of delay or depriva- 
tion in the alleviation of need is a necessary 
condition for the stimulation of thought 
processes. How far this assumption can 
be generalised, and within what limits it 
holds, are questions which have greatly oc- 
cupied psycho-analytic writers, but which 
I cannot consider in this short summary. 

Out of the interplay between these two 
types of experience, of gratification and 
non-gratification, and with the develop- 
ment of sensory-motor control, of action 
upon the environment, the hallucinatory 
image in its later version, the wish, comes 
to serve a new function. No longer only 
an attempted substitute for satisfaction, it 
becomes a guide or signal, used to direct 
activity towards gratification. But this 
new function, of subordinating wishing 
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to goal-directed activity, does not entirely 
replace the first attempt to provide grati- 
fication from within by the wish alone, 
and we can subsequently observe the oper- 
ation of two types of thinking : the one 
dominated by inner needs, and expressing 
itself in wishes and phantasy, and primi- 
tive mental flight from that which is 
painful ; the other dominated by con- 
sideration for outer reality and active 
attempts to control it and master 
opposition. 

Psycho-analysis makes the assumption 
that all our thinking involves both com- 
ponents: that their extreme, or ‘ pure’ 
forms may be placed at the end-points 
of a hypothetical continuum, and that all 
thinking, whether of child or adult, of 
mentally sick or healthy, can be located 
somewhere along it. Further, it holds 
that the thinking of any given person, 
whatever the degree of mature control 
he has achieved, can, under certain con- 
ditions, be forced back to the more primi- 
tive type of thinking appropriate at an 
earlier stage. Mental organisation may 
be regarded, then, as a complex network 
of wishes and memories of means employed 
to gratify these wishes. With maturity, 
this organisation normally becomes freer 
of the demands of wishes for primitive, 
hallucinatory types of satisfaction and 
progressively more adapted to finding 
ways of gratification through real objects 
in the environment. The later means of 
satisfaction, however, are grounded in and 
associated with the earlier, and do not 
lose their links with them. We are not, 
moreover, conscious of these links, since 
the paths from many earlier forms of 
gratification have been blocked off by pain 
barriers and we make active attempts not 
to retrace our steps along them (defence, 
repression). 

It will now be clear why the observation 
of thought processes has been found more 
profitable in states of conflict or dissocia- 
tion than in states where the different 
levels of the mental hierarchy are working 
harmoniously together. For it is precisely 
where defensive processes have been set 
to work to break connections between the 
earlier, wish-dominated thinking and the 
later, reality-adapted thinking, that we 
can observe the contrast between the two. 
This is what I hinted at earlier in saying 
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that the psycho-analyst is interested in 
discrepancies between inner and _ outer 
observation, between thought and action. 

Paradoxically, the best means of observ. 
ing the direction of thinking, the goals 
towards which it is aimed, and the motives 
which instigate it, is to study it when it 
is to some extent consciously undirected. 
This method of observation is used by the 
psycho-analyst when he asks his patient 
to try to associate freely—i.e. to put into 
words all that comes to mind. As every- 
one learns quickly who tries this, the ideas 
that come to mind when we relax our 
selective waking attention are of two kinds 
—memories and wishes. Among the 
memories, we very soon find to our surprise, 
as Francis Galton reported many years 
ago, that images of childhood events come 
back to us; and among the wishes, we 
soon find a strong and dominating wish 
not to continue with free association. We 
quickly discover how difficult it is to be 
passive to our own thought processes. 
We find the free passage among associated 
ideas blocked by resistance. This we 
understand as the operation of a de- 
fensive measure by means of which we aim 
to keep an unconscious and painful idea 
from our conscious attention. This ‘ No’ 
of censorship may express itself in a 
variety of ways—from a straightforward 
refusal to continue following the associa- 
tions, to a feeling of boredom, or to a 
hasty attempt to find a red herring to 
draw across our path. If, despite our dis- 
taste, we persist, we regularly discover a 
connection not unlike the sneeze that so 
often follows the thought that it’s a long 
time since we had a cold in the head. For 
instance, a patient, in the course of free 
association, describes his mind as a blank 
—‘ there is just nothing there,’ he says, 
‘I’m fed up. I can’t see any further.’ 
He is silent for some minutes. Then, ‘1 
feel as if I were facing a brick wall. It 
blocks me.’ Then he is reminded of a brick 
wall which was in the cellar of his child- 
hood home. This is followed by a detailed 
description of the cellar, and then to his 
astonishment by the memory of a formerly 
forgotten experience of being locked in 
the cellar, and terrified as a child. 

In this example we see the active drama 
of thinking : the resistance or attempt to 
keep an unpleasant idea from conscious- 
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ness, and the sudden surprise when the 
patient looks beyond the wall he has 
metaphorically erected to keep the memory 
of the real wall from consciousness. 
| Similarly, we see in dreams the way in 
which an active process of wish and 
counterwish underlies the simplest 
thoughts. The alarm clock goes and in 
our dream we find ourselves on the way 
to church to the sound of church bells— 
Sunday, not working Monday. Nor do 
we usually stop there—other wishes crowd 
in to press their suit and at the same time 
to secure us more soundly in our sleep. 
Dreams, as ‘temporary, harmless psy- 
choses,’ provide us with our best example 
of the way in which primitive thought 
forms are related to their more sophisti- 
cated, reality-adapted successors. For 
instance, both in waking and sleeping, 
thought employs symbolisation, but in 
waking life this leads to selection of 
essential similarities, to concept formation 
and the recombination of concepts in the 
development of new problem solutions. 
In the dream these same processes of con- 
densation and displacement, used now in 
the service of wish fulfilment, without the 
check of reality perception, lead to in- 
congruous, grotesque, and hydra-headed 
extravagances. Where waking thought ex- 
presses negation or doubt, dream thought 
omits the obvious or arrives at improbable 
combinations of ideas; or, again, the 
temporal relations of waking life become 
the spatial relations of the dream, like 
the comic-strip where the story runs from 
left to right. 

The study of thinking is most profitable 
where we are able to adopt a comparative 
approach. For instance, dreams tell us 
little unless we are able to find out some- 
thing of the waking thoughts which are 
associated with them. This enables us to 
make a translation from the one language 
to the other, and naturally this may best 
be done where observation has been 
carried on over a considerable period of 
time, as in the intensive long-term work 
of psycho-analytic treatment. 

Conclusions drawn from this longi- 
tudinal form of study may be extended, 
however, by the use of other comparative 
methods. For instance, studies of children’s 
thinking show how the regressive thought 
Processes we see in adult dreaming are 


similar in many essential respects to the 
yet undeveloped and immature thought 
of children. In childhood phantasy, 
objects are what the child wants them to 
be, he can symbolise freely, and the dis- 
tance between the inner and outer world 
is small for him. 

In old age, we see again a change in the 
balance between wish-fulfilling thought 
and reason. Thinking is dominated by 
reminiscences of the past, and the wishes 
and complaints of childhood reappear in 
little-disguised forms. 

Perhaps the widest area of comparative 
observation which the psycho-analytic 
theory of thinking has served to unify is 
that of mental disorder. By making the 
assumption that behaviour is the resultant 
of two sets of forces—of wish and defence— 
Freud was able to establish a basis for 
comparison between the phases of normal 
mental development and a vast range of 
diverse symptoms in mental illness. He 
showed, for instance, how neurotic symp- 
toms develop as compromise formations 
in a struggle against the expression of the 
very impulses that the pervert expresses 
freely. For instance, the same motive 
can be shown to operate in exhibitionism 
and in the fear of open spaces—in both 
of which being looked at is the critical 
feature—the difference being that in the 
one it operates as a wish, in the other as a 
dread. The delusion that he is being 
poisoned which haunts the paranoiac and 
the eating inhibition of the hysteric can 
be compared, and the differences between 
them related to the different pattern of 
defence, which each patient has developed 
in dealing with early oral-aggressive 
wishes. 

In his pioneering study of the aetiology 
and development of neurosis, Freud’s 
attention was turned in the first instance 
to the nature of the motives whose ex- 
pression, in distorted form, produced 
neurotic symptoms. Later, stimulated 
especially by the need to generalise the 
theory of psychic conflict to cover not 
only hysteria and obsessional symptoms 
(the transference neuroses) but also the 
more severe, narcissistic disorders (schizo- 
phrenia, melancholia), he turned to a 
closer examination of the distorting pro- 
cesses themselves. Out of this emerged 
the formulation of the structural concepts. 
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The ego’s role as an organiser and regula- 
tor of instinctual tensions was now to be 
observed in detail comparable to that 
which he had succeeded in demonstrating 
for the development of the sexual instinct 
(Three Essays on the Theory of Sexuality). 
The two works in which these extensions 
of ego psychology may best be studied 
are Freud’s ‘Inhibitions, Symptoms and 
Anxiety’ and Anna Freud’s ‘ The Ego 
and the Mechanisms of Defence.’ 

The experience of anxiety was shown 
to be an active response on the part of the 
ego, rather than a passive subjection to 
a disguised expression of libido as had 
earlier been thought. This reformulation 
was consistent with, and extended the 
analogy between the control of internal 
and external stimuli which Freud had 
developed in the Interpretation of Dreams 
and which, as we have seen, provided a 
heuristic model of thought processes. For 
now, in addition to the internal seeking 
of an object (hallucinatory-image—wish—> 
thought) and the internal flight from 
danger (defence, repression), there was 
added an internal fear response : anxiety. 
As fear precedes fight or flight, so anxiety 
precedes psychic defence. 

The idea that biologically adequate 
defence activities provide the basis for 
psychic acts of inner protection has a 
number of important implications,! the 
exploration of which may well result in a 


1 Freud develops many of these in one of his 
last papers, ‘ Analysis Terminable and Intermin- 
able ’ (1937), where he discusses the nature of the 
limitations to personality change, which are 
encountered in analytic work with patients. In ad- 
dition to the quantitative variations in drive which 
he had long stressed, he also explores the possibility 
of primary, congenital ego variations. Heinz 
Hartmann took these ideas a step further with his 
theory of a ‘ conflict-free ego sphere,’ individual 
variations in which may be considered to play an 
important part in determining the choice of specific 
defence mechanisms. 


The Contribution of Psycho-analysis to the Understanding of Human Behaviour 


rapprochement between the work of the 
psycho-analyst and that of the psychologist, 

For there are two sorts of question to be 
asked about the relation between ego and 
id, about the relation between thought 
and motive. We may ask how the content 
(aim, quantity, object) of drives affects 
the form of ego control, or, conversely, 
we may ask how ego functions affect the 
content of the id. Freud initially ad- 
dressed himself to questions of the first 
type, and it is in answering these that 
psycho-analysis has made its unique con- 
tribution to our science. The academic 
and experimental psychologist, on the 
other hand, has been more concerned with 
questions of the second kind, and has 
treated ego functions as independent 
rather than as dependent variables. 

If psycho-analysis, however, is to free 
itself from the inevitable methodological 
limitation which all developmental studies 
suffer (whether it be history, biology, or 
psychology), namely that of the difficulty 
of making predictions ‘ forwards,’ it will 
be necessary to study both directions of 
the id X ego interaction. Recent psycho- 
analytic research, notably that being 
carried out under Anna Freud’s and 
Dorothy Burlingham’s direction at the 
Hampstead Child Therapy Clinic, and 
by Ernst Kris and his associates at Yale, 
has taken up the challenge. In the next 
few years we may hope to see great ad- 
vances in the extent to which the retro- 
spective methods of psycho-analytic treat- 
ment may be complemented by studies of 
‘ forward ’ development, and by the com- 
parative observation of development under 
conditions of ‘ natural experiment.’ 2 


2 For instance, in the observation of children 
growing up in atypical family settings, or of those 
in whom constitutional variations or physical trau- 
mata have set limits to the exercise of ego functions, 
as in crippling, sensory impairment, etc. 
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THE LUDLOVIAN ROCKS OF THE 
WELSH BORDERLAND 


At THE Association’s annual meeting in Bristol, Section C (Geology) organised a sym- 
posium on the above topic for the morning session of Friday, September 2. Dr. J. D. 
Lawson, University of Birmingham, gave an introductory talk on the fundamental 
problems involved in attempting to correlate the Ludlovian rocks of the Welsh Border- 
land. This introduction was followed by accounts of four areas which have recently been 
studied. Dr. V. G. Walmsley, University College of Swansea, described the geology of 
the Usk inlier with particular reference to the Ludlovian succession. Dr. J. D. Lawson 
mentioned the significant features in the Ludlow rocks at May Hill and presented a 
brief account of the interesting facies changes that occur around Aymestrey, Hereford- 
shire. Mr. C. H. Holland, Bedford College, then described the Ludlovian succession of 
the Knighton district, Radnorshire. Mr. J. H. Price, of H.M. Geological Survey, 
followed with a description of the Ludlovian rocks of the Llandovery area. In conclusion, 
Dr. S. H. Straw, University of Manchester, summarised the present state of knowledge 
and discussed some of the outstanding problems of the palaeogeography of the Lud- 


lovian epoch. 


For the purposes of this account, which has been prepared by Dr. J. D. Lawson, it has 
been found more convenient to combine part of Dr. Lawson’s introduction with Dr. 
Straw’s concluding discussion to form the final section on the correlation problem. 


A. INTRODUCTION 
(Dr. J. D. Lawson) 


Tue Welsh Borderland is the type area for 
the Ludlow Series of rocks. The major 
divisions of Lower Ludlow, Aymestrey 
Limestone and Upper Ludlow were first 
described by Sir R. I. Murchison in 
‘The Silurian System ’ of 1839. About the 
turn of the century, three women geolog- 
ists from Cambridge University were 
responsible for the next major develop- 
ment in Ludlovian classification—the 
establishment of fossil zones. Miss E. M. R. 
Wood (1900) divided the Lower Ludlow 
Shales into five graptolite zones (Mono- 
graptus vulgaris at the base, M. nilssoni, M. 
scanicus, M. tumescens and M. leintwardinen- 
sis) based on studies of the Ludlow, Builth 
and Long Mountain areas. The higher 
Ludlovian rocks of South Shropshire were 
zoned by Misses G. L. Elles and I. L. 
Slater, using as index fossils the brachio- 
pods Conchidium knightii (J. Sowerby), 
Dayia navicula (J. de C. Sowerby), Camaro- 
toechia [Rhynchonella] nucula (J. de C. 


Sowerby) and Chonetes striatellus (Dalman). 
The succeeding Temeside Group, with its 
zones of Lingula minima (J. de C. Sowerby) 
and L. cornea (J. de C. Sowerby), is now 
more usually included in the Downtonian 
series. C. I. Gardiner attempted to apply 
this new classification of the Ludlovian 
rocks of the shelf facies in three Silurian 
inliers to the south, but his unwise reliance 
on the zonal index fossils led him to the 
conclusion (now proved incorrect) that 
only Upper Ludlow beds were present at 
Usk (Gardiner, 1916, 1927, p. 528) and 
May Hill (Gardiner, 1920, 1927, p. 528). 
In the Woolhope area (Gardiner, 1927), 
however, he recognised a more complete 
succession. The inadequacy of this zonal 
scheme, based upon the particular de- 
velopment around Ludlow, was further 
emphasised when L. D. Stamp (1918) 
attempted to apply it to part of the Clun 
Forest area near Bucknell where a very 
different facies is present. One particularly 
serious problem was the absence of the 
Aymestrey Limestone and its characteristic 
fossil, Conchidium knightit. 
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Even in the calcareous shelf facies of 
South Shropshire, however, the classifica- 
tion was found to be unsatisfactory. 
Describing the highest Silurian rocks 
along part of Wenlock Edge, Robertson 
(1927, p. 95) pointed out that ‘ there is no 
faunal distinction between the top and 
bottom of the Upper Ludlow, nor is there 
any development of distinct zones of 
Dayia navicula or of Conchidium knightit.’ 
In 1936, Mrs. F. E. S. Alexander empha- 
sised that the Aymestrey Limestone is a 
facies formation with a strongly diachronic 
base; she also confirmed the limited 
lateral distribution of Conchidium knightii 
even within the limestone of the main 
outcrop. The discovery of Dayia navicula 
in the Lower Ludlow Shales near Craven 
Arms (Shirley, 1939) increased the grow- 
ing conviction that the faunal classification 
of the Ludlovian needed careful revision, 
even in the calcareous facies of the type 
area. The thicker and less calcareous 
deposits of the basin facies, covering a large 
area further west in Radnorshire and 
Breconshire, had still received very little 
attention. In 1937, however, Dr. S. H. 
Straw published his paper on the Builth 
area and provided the impetus for a new 
and more intensive study of the Ludlovian 
rocks. Instead of attempting to force his 
succession to fit into the Shropshire 
scheme, Dr. Straw built up a classification 
for the Builth district using complete 
faunal assemblages and the maxima of 
certain prominent species. Dr. J. R. Earp 
(1938, 1940) used similar methods to 
establish a faunal succession for the western 
part of Clun Forest and, in spite of marked 
differences in detail, he found it possible to 
recognise broad faunal divisions common 
to both areas (Earp, 1938, p. 152). 
Further work by Dr. N. H. Kirk (as yet 
unpublished) on the extensive belt of 
Ludlovian rocks in the Brecon Anticlinal 
suggested that this general scheme was 
valid over a large area of the basin develop- 
ment. At the same time, however, there 
was striking evidence of considerable and 
confusing variation in the distribution of 
the fossils both in space and time. With 
this increased knowledge of both the 
shelf and basin facies it became obvious 
that nothing less than the complete and 
organised re-mapping of the Ludlovian 
rocks of the Welsh Borderland would 
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reveal the correct but very complex pic. 
ture. It was for this immediate purpose 
that the Ludlow Research Group was 
formed in 1951 ; it was felt that an inten. 
sive and co-ordinated study of this interest. 
ing but restricted region would yield 
results of far greater fundamental import. 
ance than dilettante attempts at long. 
distance correlation with, say, the United 
States or China. 

The Ludlow Research Group has an 
annual meeting, usually in the field, anda 
typescript bulletin is issued periodically 
for the circulation of ideas and information. 
Work on the faunas and sediments is 
linked closely with the field work, and 
large collections of accurately localised 
material are being accumulated. Many 
of the fossil groups need drastic revision, 
and it is hoped that the careful study of 
long-ranging species will reveal evolu- 
tionary changes of stratigraphical value. 
The effect of the environment on the distri- 
bution of faunas and on the morphology of 
particular species has not been sufficiently 
appreciated by past workers. Even now, 
very little research is being done on the 
vital but difficult problems of sedimenta- 
tion. Some measure of agreement has, 
however, been reached on those arbitrary 
questions in which an_ individualistic 
attitude is more of an obstacle to progress 
than an encouragement. For instance, the 
base of the Ludlow Bone-bed (or its 
equivalent) has been accepted as marking 
the upper limit of the Ludlow series in the 
Welsh Borderland. Local names are being 
given to the stratigraphical divisions of 
each area so that the ultimate correlation 
is not prejudiced or confused by the 
existence of various Wilsonia Beds or 
Dayia Beds which may not be equivalent 
in time. There will also be more uniform- 
ity in the presentation of faunal lists and 
the description of rock-types ; the Rock- 
Color Chart published by the Geological 
Society of America is being used for de- 
scribing the colours of the sediments. 

The map of the Welsh Borderland 
(facing) shows to what extent the project 
of continuous and detailed mapping across 
the contrasting facies of the Ludlovian 
has been realised. Only the more recent 
work is included ; much of the mapping 
was, of course, completed before the 
formation of the Ludlow Research Group, 
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The above map shows ‘the outcrops of Ludlovian rocks in the Welsh Borderland and mapping work completed since 1935 
at present in progress. The Basin facies is indicated by continuous shading, the Shelf facies by dashed shading. Place- 
me abbreviations as follow: B.C. Bishop’s Castle; C. Clun; Kn. Knighton; P. Presteigne. Index to numbered 
eas with name of research worker, present address, and relevant publications : (1) Sedgley, Turner’s Hill (Dr. H. W. Ball, 
G.A. 1951) and Lye (Dr. J. D. Lawson, Birmingham Univ.) ; (2) Abberley and northern Malvern Hills (Dr. F. H. 
eve, Ph.D. thesis, Birmingham Univ. 1953) ; (3) southern Malvern area (C. B. Phipps, Birmingham Univ.) ; (4) 
brthern Woolhope area (E. V. Tucker, Swansea Univ. Coll.) ; (5) southern Woolhope area (H. C. Squirrell, Birmingham 
niv.) ; (6) May Hill (Lawson, Q.J.G.S. 1955) and Gorsley (Lawson, G.M. 1954) ; (7) Purton (Dr. M. L. K. Curtis, 
ity Museum, Bristol) ; (8) Usk (Dr. V. G. Walmsley, Swansea Univ. Coll.) ; (9) Cardiff (R. Allender, Cardiff Univ. 
oll.) ; (10) Llandeilo—Llanelly road section (B. Simpson, Swansea Univ. Coll.) ; (11) Llandovery area (J. H. Price, 
M. Geological Survey) ; (12) Cwm Craig Ddu (Dr. S. H. Straw, Liv. & Manch. Geol. Journal 1953) ; (13) Builth 
ptraw, Q.J.G.S. 1937) ; (14) Radnor Forest (Straw, Manchester University) ; (15) Brecon Anticlinal (Dr. N. H. Kirk, 
berystwyth Univ. Coll., Proc. Geol. Soc. 1951, 1952) ; (16) Aymestrey area (Lawson) ; (17) Elton area (B. J. Williams, 
ng’s Coll. London) ; (18) Lingen area (C. H. Holland, Bedford Coll.) ; (19) Knighton area (Holland) ; (20) south- 
stern Clun Forest (Dr. J. R. Earp, Q.J.G.S. 1940) ; (21) Kerry district (Earp, Q.J.G.S. 1938) ; (22) Bishop’s Castle 
a (Allender) ; (23) Bishop’s Castle and eastwards (Evans, Bristol Univ.) ; (24) Wenlock Edge (Dr. J. Shirley, King’s 
oll. Newcastle) (H.M. Geological Survey; Church Stretton sheet). 
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whilst the Geological Survey and Bristol 
University operate independently of the 
group. When all the local successions have 
been determined it should be possible to 
establish classifications for the two main 
facies. The next step will be an attempt 
at inter-facies correlation so that a revised 
classification for the whole Welsh Border- 
land region can be formed. If the work on 
the faunas and sediments has kept pace 
with the mapping, a clearer picture of 
the Ludlovian palaeogeography should 
emerge. At the same time much new 


information on the structural history of 
the region will have come to light. 


B. DescripTions OF AREA 


(Dr. V. G. Walmsley, Dr. J. D. Lawson, 
Mr. C. H. Holland and Mr. J. H. Price) 


Tue four papers describing recent work in 
particular areas of Ludlovian rocks illus- 
trated very clearly the considerable local 
variations in thickness, facies and faunal 
succession over the Welsh Border region. 
The details of these successions will be 
published elsewhere by the authors re- 
sponsible ; there is only room here to 
stress points of significance to the general 
problems. 

1. Usk arEA: Dr. V. G. Walmsley 
(University College of Swansea) said that 
the Ludlow Series of the Usk inlier is about 
1,200 feet thick and has been subdivided 
into seven stratigraphical groups on the 
basis of the total fossil assemblages. Apart 
from a thin conglomeratic band in the 
south of the area, there is no sign of any 
important break in the succession. This 
conclusion contradicts the claim by Gardi- 
ner (1916) that the Lower Ludlow and 
Aymestrey beds are missing. The Lower 
Forest Beds consist of 700 feet of muddy 
siltstones with a sparse fauna of small 
brachiopods, but the discovery of Mono- 
graptus tumescens Wood suggests their Lower 
Ludlow age. The Upper Forest Beds are 
calcareous siltstones characterised by an 
abundant fauna of larger brachiopods, 
including many Strophomenids and the 
first Chonetes striatellus. Apart from the 
absence of corals, probably explicable by 
the siltier conditions, these beds contain a 
fauna very similar to that of the Aymestrey 
Limestone. The succeeding Lower Llan- 
badoc Beds are more calcareous, corals are 


not uncommon, and one specimen of 
Monograptus leintwardinensis Lapworth var, 
incipiens Wood has been found. They com- 
pare well, both lithologically and faunally, 
with the Aymestrey Limestone of Shrop.- 
shire. The Upper Landbadoc Beds are 
slightly calcareous siltstones in which 
Sphaerirhynchia [Wilsonia] wilsoni (J. de C. 
Sowerby), Dayia navicula, Chonetes lepismus 
(J. de C. Sowerby), Dalmanella orbicularis 
(J. de C. Sowerby) and Chonetes striatellus 
are common ; Monograptus leintwardinensis 
var. incipiens has also been found. Both the 
lithology and fauna are suggestive of the 
Mocktree or Dayia Shales. Above these 
beds occur the thin but faunally distinctive 
siltstones of the Lower Llangibby Beds, 
with an overlap of the outgoing Dayia 
navicula fauna and the strengthening 
Chonetes striatellus fauna. Characteristically 
common only at this level are Shaleria 
[Brachyprion] ornatella (Salter), Whitfieldella 
[Meristella] canalis (J. Sowerby) and 
Calymene neointermedia R. & E. Richter. 
Similar beds occur at Ludlow at about the 
junction of the Mocktree Shales and the 
Whitcliffe Flags. The siltstones of the 
Middle and Upper Llangibby Beds com- 
pare well with the Whitcliffe Flags, but 
in the highest beds there occur decalcified 
siltstones with abundant casts of the gastro- 
pod Holopella. At the top of the Ludlovian, 
the presence of the Ludlow Bone Bed has 
now been established. 

2. May Hitt AREA AND AYMESTREY 
AREA: Dr. J. D. Lawson (University of 
Birmingham) firstly described the signific- 
cant features of the Ludlovian shelf suc- 
cession at May Hill (Lawson, 1955), 
where there is a maximum thickness of 250 
feet of beds with no central Aymestrey 
Limestone development. Siltstones which 
correlate well with the siltier facies of the 
Mocktree Shales have thin limestone con- 
glomerates at their base resting uncon- 
formably on Lower Ludlow siltstones and 
mudstones. At the base of the Upper 
Ludlow Beds, the Shaleria ornatella faunal 
division is very well developed. Just north 
of May Hill, at Gorsley (Lawson, 1954), 
the Ludlovian beds are only 11} feet thick. 

The two areas so far described, Usk and 
May Hill, are both examples of the cal- 
careous shelf development. The import- 
ance of the Aymestrey area (North 
Herefordshire) is that here alone is it 
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possible to map continuously from the 
shelf facies into the basin facies. Elsewhere 
in the Welsh Borderland the two facies are 
separated by outcrops of newer or older 
rocks. East of Aymestrey village, the 
typical shelf succession can be recognised, 
but many of the divisions are muddier and 
the faunas show transitional features 
towards the basin facies. Less than a mile 
west of the village, in Mere Hill Wood, a 
new and fairly continuous section from 
Wenlock Limestone up into Upper Ludlow 
shows no trace of the Aymestrey Limestone. 
Near Leintwardine, the limestone is evi- 
dently cut out by an unconformity at the 
base of the Mocktree Shales (Alexander, 
1936, p. 110), and there may be a similar 
explanation for its absence west of Aymes- 
trey. This hypothesis is not supported, 
however, by the field evidence near Aymes- 
trey and it appears more likely that the 
limestone passes laterally into slightly 
calcareous siltstones and mudstones. The 
other divisions of the Ludlow certainly 
display marked lateral changes in lithology 
and fauna, which enable some valuable 
correlations between the shelf and basin 
successions to be made. For instance, the 
Shaleria ornatella faunal division can be 
seen to grade laterally into the Beyrichia 
lauensis horizon so widespread in the 
muddier basin facies. Below these beds, 
the Mocktree or Dayia Shales of the 
Shropshire area become more muddy and 
fissile near Aymestrey and show lithological 
and faunal links with the Monograptus 
leintwardinensis—Lingula lata division of the 
basin region. If these correlations are 
correct, and if the unconformity hypothesis 
Is proved to be untenable, then the 
Aymestrey Limestone must be represented 
on Mere Hill Wood by about 80 feet of 
siltstones and mudstones in which Chonetes 
cf. lepismus and Sphaerirhynchia  wilsoni 
are the common fossils. ‘The complete 
shelly fauna of these siltstones, however, 
suggests a correlation with beds at Builth 
and Kerry which are in the zones of 
Monograptus scanicus and M. tumescens and 
therefore below the level of the main body 
of the Aymestrey Limestone. It is hoped 
that further detailed work on this area 
will help to solve the problem of the lateral 
equivalent of the limestone. 

KNIGHTON AREA: Mr. C. H. Hol- 
land (Bedford College, London) then de- 
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scribed the succession in the Knighton 
area, about ten miles W.N.W. of Aymestrey. 
Here the basin-type Ludlovian has thick- 
ened to nearly 6,500 feet of monotonous 
grey siltstones with no sign of the Aymestrey 
Limestone. Above the Lower Ludlow 
Graptolitic Shales (at least 750 feet) there 
occur the Bailey Hill Beds, consisting of 
some 3,500 feet of siltstones with Sphaeri- 
rhynchia wilsoni common in the lower part, 
becoming rarer in the middle, and com- 
mon again in the upper part. Dalmanella 
orbicularis and Dayia navicula are common 
throughout. Chonetoidea grayi (Davidson) 
is common in the lower part and Chonetes 
lepismus is present in the middle and upper 
part. The top hundred feet become more 
shaly with fewer shells and more spinose 
graptolites, including Monograptus leint- 
wardinensis Lapworth. The succeeding 
Knucklas Castle Beds (1,500 feet) contain 
few fossils but species of Orthoceras are 
least rare. Slava [Cardiola] interrupta (Brod- 
erip) occurs in the lower part, Dayia 
navicula rarely in the middle, and Serpulites 
longissimus Sowerby in the upper beds. 
The Wern Quarry Beds (120-170 feet) are 
massive or thick flaggy siltstones with 
Fuchsella [Orthonota| amygdalina (J. de C. 
Sowerby), Chonetes striatellus, Camarotoechia 
nucula and Orthoceras imbricatum Wahlen- 
berg common. The topmost division of 
the Ludlovian, the Llan-wen Hill Beds 
(500 feet), consists of irregularly bedded 
shaly and flaggy siltstones with a typical 
Upper Ludlow fauna, Dalmanella lunata (J. 
de C. Sowerby) and Chonetes striatellus 
being abundant. 

Mr. Holland pointed out the difficulties 
in correlating this poorly fossiliferous 
succession directly with that at Builth. 
It is easier, however, to correlate with the 
adjacent Clun Forest areas decribed by 
Stamp (1918) and Earp (1938, 1940). 
The Wern Quarry and Upper Knucklas 
Castle Beds of Knighton can probably be 
equated with the Upper Dayia Beds of 
Kerry and the Rhynchonella Beds of 
Bucknell. These latter beds represent the 
Lower Whitcliffe Flags or Rhynchonella 
Beds of Ludlow, so that a long-distance 
correlation between Kerry and Ludlow 
receives support from the evidence in 
intermediate areas. Finally, Mr. Holland 
commented on the absence of the Beyrichia 
lauensis—Chonetoidea grayi fauna, so well 
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developed in other basin areas between the 
Monograptus leintwardinensis—Lingula lata 
shales and the main body of Upper Ludlow 
Beds. The Lower Knucklas Castle Beds 
occur in this position at Knighton and may 
be a very unfossiliferous representative 
of this division. 

4. LLANDOVERY AREA: Mr. J. H. 
Price (H.M. Geological Survey) gave an 
account of his work on the Ludlovian 
rocks near Landovery, about 20 miles 
S.S.W. of Builth. This area, extending 
roughly from the River Sawdde to the 
River Gwydderig, is essentially of the basin 
facies, but to the south-west red sandstones 
and quartzites develop in the middle 
Ludlovian. The Ludlow follows the 
Upper Wenlock with apparent conformity 
but is overlapped by the Tilestones above, 
which rest on successively lower horizons 
to the south-west. 

The Tresglen Beds (600-700 feet) are 
mainly shaly and flaggy siltstones with a 
shelly fauna which shows considerable 
lateral and vertical variation but includes 
Parmorthis cf. elegantula (Dalman), Chone- 
toidea grayi and Dicoelosia [Bilobites] bileba 
(Linnaeus). The lowest beds in the Gwyd- 
derig section consist of graptolitic shales 
of the zone of Monograptus nilssoni. The 
succeeding Black Cock Beds (800 feet) are 
siltstones and mudstones ; in the Gwyd- 
derig section they contain Dalmanella 
orbicularis, Strophonella euglypha (Hisinger), 
Leptostrophia filosa (J. de C. Sowerby) and 
a new species of Brachyprion, but in the 
Sawdde section Dalmanella lunata, Chonetes 
striatellus and Holopella gregaria (J. de C. 
Sowerby) make early appearances and the 
uppermost part of the group consists of 
the Grammysia Beds. The Cwm Clyd Beds 
(about 800 feet) are flaggy sandstones and 
siltstones with jointed grits in the Gwyd- 
derig area and D. orbicularis, Sphaerirhynchia 
wilsont and Dayia navicula are common. 
Towards the south-west, however, the 
lower 700 feet pass laterally into the poorly 
fossiliferous red sandstones, conglomerates 
and quartzites of the Trichrig Beds. 
Above the Cwm Clyd group come the 
Roman Camp Beds, sandy calcareous 
flags and siltstones which are overstepped 
by the Tilestones to the south-west. 
Beyrichia lauensis Kiesow and Whitfildella 
canalis occur in the Sawdde section, and 
Shaleria ornatella in the Gwydderig section, 


suggesting a correlation with the Beyrichia 
lauensis—Chonetoidea grayi horizon of Builth 
and other basin successions. The only 
other correlation that can be made with 
any conviction is of the Lower Tresglen 
Beds with the Monograptus nilssoni shales of 
Builth and most other areas in the basin 
facies in Central Wales. Between these 
two horizons there occur about 2,000 feet 
of beds with considerable lithological and 
faunal variation, and correlation is there- 
fore difficult. 


C. THe CorrELATION PROBLEM 
(Dr. J. D. Lawson and Dr. S. H. Straw) 


THE preceding papers on recently mapped 
areas of Ludlovian rocks emphasise the 
striking changes in thickness (114 feet at 
Gorsley to 6,500 feet at Knighton), 
lithology (from limestones in the middle 
Ludlovian of Shropshire to red sandstones 
near Llandovery) and fauna over the 
Welsh Borderland. Before the palaeo- 
geography can be reconstructed all the 
separate successions must be correlated 
and a new classification evolved. Litho- 
logy is obviously a poor guide to contemp- 
oraneity and many of the benthonic shells 
were so dependent on environment as to 
be little more use. Even the pseudoplank- 
tonic graptolites, now in decline and 
evolving very slowly, are often unreliable. 
Nevertheless, as a result of the planned 
linkage of mapping areas (where possible) 
and the consideration of faunas in relation 
to facies, it is already possible to sketch in 
the broad divisions of the shelf and basin 
facies and also to offer some tentative sug- 
gestions about the inter-facies correlation. 
1. THe Suetr Facies: In its full 
development (Ludlow, Woolhope, Malvern 
and Usk) the shelf succession of the Lud- 
lovian comprises about 1,000 feet of fairly 
calcareous sediments. The Wenlock 
Limestone is succeeded by olive mud- 
stones with a fauna of small Wenlockian 
brachiopods, but the main body of the 
Lower Ludlow Beds consists in Shropshire 
of several hundred feet of shales with a 
planktonic fauna of graptolites and cepha- 
lopods. In the south-eastern inliers, how- 
ever, graptolites are rarer and a stunt 
shelly fauna predominates. The transitional 
beds into the Aymestrey Limestone aré 
calcareous siltstones with a fauna of larger 
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brachiopods, including many Stropho- 
menids. As the lime content increases 
upwards corals and stromatoporoids 
become commoner; the ‘Strophomenid 
siltstones’ and the Aymestrey Limestone 
(joint thickness about 250 feet) appear to 
be complementary facies with a relation- 
ship similar to that between the Gault and 
Upper Greensand. Above the limestone, 
flaggy calcareous siltstones predominate in 
the 300 feet of strata up to the Ludlow Bone- 
Bed, but faunal divisions can be recog- 
nised. In the lowest part (about 100 feet) 
Sphaerirhynchia wilsont and Dalmanella orbicu- 
laris are generally common. In the mud- 
dier facies in Shropshire, Dayia navicula, 
Chonetes lepismus and Monograptus leintward- 
inensis seem to have flourished (e.g. Mock- 
tree Shales), whereas the siltier develop- 
ments at Woolhope, Malvern and May 
Hill encouraged the early appearance in 
strength of the Upper Ludlow forms 
Chonetes striatellus, Dalmanella lunata and 
Fuchsella amygdalina. There is evidence of a 
widespread unconformity at the base of 
this division, e.g. in Shropshire (Alexander, 
1936, p. 110) and at May Hill (Lawson, 
1955, p. 104), and this break could be used 
as the lower limit of the Upper Ludlow. 
There is stronger support, however, for 
beginning the Upper Ludlow with the 
succeeding thin division (about 20 feet or 
less) in which Shaleria ornatella occurs so 
abundantly.  Calymene neointermedia and 
Whitfieldella canalis are also characteristic- 
ally common. There is an overlap of 
the outgoing Dayia navicula fauna (as 
defined by Straw, 1937, p. 412) with the 
incoming Chonetes striatellus fauna, so that 
the horizon is highly fossiliferous. In the 
succeeding siltstones (usually about 150 
feet thick) the typical Upper Ludlow 
assemblage is dominant although some 
survivals of the outgoing fauna occur in the 
lower beds, which are often muddier and 
less fossiliferous. The most conspicuous 
survivor is Dayia navicula itself (e.g. in the 
southern Woolhope area and west of 
Ludlow) and its occurrence so high pro- 
vides a link with the Upper Dayia Beds of 
the basin facies at Kerry. 

2. Tue Basin Facies shows far more 
variation than does the shelf development 
and it is difficult, as yet, to build up a 
general classification. The beds are less 
calcareous, consisting mainly of flaggy and 
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shaly siltstones with some calcareous 
‘grits’, attaining a total thickness of 
5,000—-6,000 feet. The lowest 700 feet or 
so are dark graptolitic shales of the Mono- 
graptus nilssoni—M. scanicus zones and are of 
general occurrence. The next fairly wide- 
spread division also consists of dark shales 
(several hundred feet thick) in which 
Monograptus leintwardinensis and Lingula 
lata J. de C. Sowerby are often common. 
Between these two divisions there occur 
several thousand feet of shallower-water 
beds with benthonic shelly faunas, showing 
confusing variation both laterally and 
vertically. It was evidently a period of 
marked facies contrast and the correlation 
problem is here at its most difficult. 
In many areas (Builth and the Brecon 
Anticlinal) flaggy siltstones predominate, 
but at Kerry and Knighton calcareous 
‘ grits’, reminiscent of the Denbighshire 
Grit facies in the Wenlockian of North 
Wales, are common. A most striking 
variation is seen in south-central Wales 
(Llandovery area) where the red sand- 
stones, quartzites and conglomerates of 
the Trichrig Beds appear. They are 
believed to represent the deposits of a 
delta but the direction from which the 
sediments came is uncertain : they might 
have been derived from a land surface on 
the north-west border of the Welsh 
geosyncline or, alternatively, brought from 
a land ridge to the south in the present 
Bristol Channel region. An interesting 
phenomenon shown by many of these 
Lower Ludlovian rocks is that of contemp- 
oraneous submarine slumping of the 
sediments, presumably down the sloping 
surfaces initiated by the continued sinking 
of the floor of the basin. Faunally, this 
main body of the Lower Ludlovian rocks 
shows much variation. Sphaerirhynchia 
wilsoni, Dalmanella orbicularis and Dayia 
navicula are generally common. In the 
lower part (Cyrtoceras Mudstones of 
Builth, Lower Wilsonia Grits of Kerry) 
small Chonetids are often abundant, as- 
sociated with Strophomenid brachiopods, 
Gypidula sp., corals and other fossils which 
might encourage a correlation with the 
Aymestrey Limestone. Unfortunately the 
graptolite fauna contradicts the evidence 
from the shelly fossils and suggests that 
these beds are as low as the zone of 
Monograptus scanicus. 
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With the Monograptus leintwardinensis— 
Lingula lata division more uniformity 
begins to characterise the sediments and 
faunas of the basin area. Above these 
shaly beds, widespread silty conditions 
developed and in most areas there is a con- 
spicuous faunal division (250 feet thick at 
Builth) characterised by the ostracod 
Beyrichia lauensis and a marked abundance 
of the long-ranging Chonetoidea gray. At 
Builth there is also an overlap of the Dayia 
navicula and Chonetes striatellus faunas, as in 
the Shaleria ornatella division of the shelf. 
It is interesting, however, to note the 
absence of this distinctive horizon in the 
poorly fossiliferous Knighton district. The 
succeeding siltstones of the Upper Ludlow 
(about 1,000 feet) often show an abundance 
of Dayia navicula in their lower part (Upper 
Dayia Beds of Kerry), but the higher beds 
are characterised by the dominance of the 
Chonetes striatellus fauna. 

3. INTER-FACIES CORRELATION: Some 
significant links between the shelf and 
basin facies have already been indicated ; 
these key correlations may be summarized 
as follows : 

(a) Graptolitic shales of the Mono- 
graptus nilssoni-M. scanicus horizon are 
widespread in the basin development and 
also extend well over the shelf. 

(6) The Monograptus  leintwardinensis— 
Lingula lata shales of the Welsh areas pass 
laterally around Aymestrey into the 
Mocktree Shales of Shropshire, in which 
M. leintwardinensis is still fairly common and 
Dayia navicula abundant. 

(c) The Beyrichia lauensis—Chonetoidea 
grayit horizon of the basin facies shows a 
gradual transition near Aymestrey into the 
Shaleria ornatella division of the shelf areas. 
This correlation is the most convincing and 
most important one in the Ludlovian of 
the Welsh Borderland. The succeeding 
Upper Ludlow Beds of the two facies can 
be fairly well equated once this main link 
is accepted. 

The main outstanding correlation dif- 
ficulties are present above the Monograptus 


nilsson—M. scanicus shales but below the 
level at which M. leintwardinensis becomes 
common. In these beds there is the greatest 
variation in thickness, lithology (from 
limestones to coarse sandstones) and fauna, 
The mapping at present in progress in the 
Bishop’s Castle, Lingen, Aymestrey, Elton 
and Woolhope areas, and more detailed 
studies on the evolutionary changes in 
particular fossil species, should help to- 
wards the solution of these difficulties. 
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STRUCTURAL PETROLOGY AND PROBLEMS 
OF THE CALEDONIDES 


On Fray 2nd September, 1955, at the British Association meeting in Bristol, a 
symposium was held by Section C (Geology) on ‘ Structural Petrology and problems 
of the Caledonides.’ Six papers were presented (summaries of which appear 


below) and were followed by a discussion at a special afternoon session. 
Phillips has prepared this account for publication. 


Dr. F. C. 
(After the close of the Bristol 


meeting a three-day field excursion was held in South Devon to study the structural 
petrology of the Start Point schists under the leadership of Dr. F. C. Phillips.) 


INTRODUCTION 
by 
Dr. F. C. Phillips 


AFTER reminding the audience that they 
were attending the first organised sym- 
posium devoted specifically to structural 
petrology to be held in this country, the 
speaker gave a brief historical review. 
The pioneer work of Prof. Sander at 
Innsbruck, and later developments on the 
Continent, first attracted attention in 
England and America on the appearance 
of Sander’s now classical Gefiigekunde der 
Gesteine in 1930. In this country, pre- 
liminary results of an examination of some 
Moine fabrics (Phillips, 1937) revealed 
that the widespread lineation, plunging 
predominantly in a south-easterly direc- 
tion and frequently mapped as a ‘ direc- 
tion of stretching,’ marked the axial 
direction of a girdle fabric. On an 
orthodox interpretation the lineation was 
thus in 6 and not a, and the associated 
fabric could not be directly related to the 
Caledonian overthrust movements to- 
wards the north-west. This interpreta- 
tion was subsequently frequently ques- 
tioned (e.g. Anderson, 1948, 1952; E. 
Cloos, 1946 ; Kvale, 1947) but received 
further support as knowledge of related 
fold-systems developed. In some areas 
a later fold-system is imposed on rocks 
which had already been impressed with 
the girdle fabric and significant associated 
lineation (Phillips, 1945). The ‘ double 
fold-syctem ’ of earlier writers, though its 


reality has been disputed quite recently 
in some areas (e.g. McIntyre, 1952), 
seems to be a real feature of Moine 
tectonics. 

The age of this earliest fabric thus 
assumed great significance. If it was a 
survival from a completely earlier orogeny, 
then relationships in the Foreland point 
conclusively to a pre-Torridonian age ; 
if, however, the fabric was developed in 
an early phase of the Caledonian orogeny, 
the equivalence of Moine and Torridonian 
sedimentary material remained a possi- 
bility. The symmetry and orientation of 
the fabric would then appear to call for 
considerable modification of some current 
views on Caledonian tectonics. 

Seeking further evidence of age, other 
groups involved in the Caledonian over- 
thrust structures were next examined. 
Torridonian and Cambrian rocks, where 
thus involved, mostly revealed poorly 
developed fabrics with a low degree of 
preferred orientation, but these appeared 
to be related in orthodox manner to the 
normal Caledonian trend. When the 
Moine rocks themselves, on approach to 
the outcrops of the thrusts, are subjected 
to dislocation-metamorphism (Read, 1934) 
complex crossed-girdle patterns were found 
to develop, followed by a break-up of the 
fabric to give an apparently disoriented 
mylonite. ‘ Lewisian ’ rocks in some places 
in the Foreland (Laxfordian rocks of 
Sutton and Watson), and also in some 
overthrust masses, showed a fabric with 
most of the characteristics of the typical 
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Moine arrangement and _ orientation 
(Phillips, 1949), pointing to the possibility 
of correlation of the development of the 
original Moine fabric with the Laxfordian 
orogeny. 

It had become clear meanwhile that a 
similar situation existed on the Scandi- 
navian flank of the Caledonides. As de- 
scribed by H. Cloos (1954) in the Abisko 
region ‘ all signs of a rolling motion were 
at right angles to the direction we had 
expected’; as a result of later study in 
the Bygdin area further south, however, 
he followed Strand and Kvale in accepting 
a revised interpretation of the lineations as 
being in a— they ran in the direction of 
movement.’ It is important to note that 
on this front also, as in Scotland, the pre- 
dominant lineation in the pre-Cambrian 
rocks of the Foreland is almost at right 
angles to the trend of the thrust front 
(Holtedahl, 1952; Lees, 1954). The 
many problems thus posed clearly pass 
beyond the capacity of one investigator ; 
this symposium was arranged as an 
opportunity to discuss some of the pre- 
liminary results obtained by a number of 
younger workers now engaged along the 


length of the Caledonides from Durness to 
Antrim. 
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TECTONIC PHENOMENA ASSOCIATED WITH 
THE Post-CAMBRIAN MOVEMENTS IN 
ASSYNT 

by 
J. M. Christie 


MYLONITEs mapped by the Survey in the 
Assynt region depart somewhat from 
Lapworth’s original definition. Many 


show marked recrystallisation and are 
better described as augen schists and 
blastomylonites. These laminated rocks, 
here referred to as Primary Mylonitic Rocks, 
grade with increasing crystallinity into 
typical Moine Schists. They occupy a 
zone, 100-300 ft. thick, above the horizon 
mapped as the Moine Thrust, and have 
been locally deformed to phyllonite and 
cataclasite. Lambert projections of axes of 
small folds and lineations in the Moine 
Thrust-zone between Knockan and Glen- 
coul show a prominent maximum marking 
a plunge slightly south of east and a 
submaximum of fold-axes with N.-S. 
trend. These N.-S. folds are concentrated 
in two zones of phyllonite (near the Stack 
of Glencoul and at Cnoc a’Chaoruinn) in 
the Moine Thrust-zone above the outcrop of 
the Ben More Thrust; in both zones the 
Moine Thrust has been displaced by the 
Ben More Thrust. Flexural-slip folds in 
the phyllonites, with axial planes dipping 
steeply towards the east, probably origi- 
nated as ‘ kink-bands ’ related to the Ben 
More Thrust and associated reverse faults 
(the dip of the Ben More Thrust is 
generally greater than 45°, and it is more 
correctly considered as a reverse fault). 
The displacement (between 500 and 
1,000 ft.) of the Moine Thrust in the above 
areas probably represents the total dis- 
placement on the Ben More ‘ Thrust.’ 
Such a relatively small displacement is 
consistent with the view that the Glencoul 
and Ben More Nappes, and the klippen to 
the west, are all parts of a single large 
nappe (the Assynt Nappe), as suggested 
by Bailey (1935) and Sabine (1953). The 
Ben More ‘ Thrust’ is later than the 
Assynt Thrust, which carries this nappe. 
A number of large-scale folds with N.-S. 
trend between the Sole and the Moine 
Thrust are associated with steep, easterly- 
dipping reverse faults closely related to 
the Ben More ‘Thrust.’ These faults 
locally cut across earlier folds with south- 
easterly and easterly trend. The phyl- 
lonitisation of the Primary Mylonitic 
Rocks, the folding about N.-S. axes in the 
zone of dislocation and the formation of 
the Ben More ‘ Thrust ’ and related reverse 
faults are contemporaneous and are later 
than the main movements on the Moine 
Thrust and some of the folding in the 
Assynt Nappe and above the Sole. 
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The style of folding and the symmetry 
of the microfabric of certain deformed 
Cambrian quartzites below the Moine 
Thrust are so similar to those of the 
Primary Mylonitic Rocks and Moine 
Schists that there can be little doubt that 
they all date from the same phase of 
deformation, of post-Cambrian age. The 
ESE. folds in all these rocks are predomi- 
nantly overturned towards the SSW., 
though some are polyclinal. Some re- 
semble the Gleitfalten of Kienow (1953). 
All the folds are considered to have been 
produced by movements in a direction 
approximately normal to the fold-axes 
and with a sense given by the overturning 
of the folds. Thus it would appear that 
at some time during the regional Moine 
metamorphism, the Moine Schists in this 
area have been transported to the SSW. 
along the Moine Thrust. 
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THE STRUCTURAL HISTORY OF THE REGION 
East oF Locu ERIBOLL, SUTHERLAND 


by 
P. Wilkinson 


THE country between Loch Hope and 
Loch Eriboll is the classic area where 
Lapworth, Peach and Horne worked out 
‘The Secret of the Highlands.’ Many 
problems remain, however, and parts of 
this area have been remapped in detail 
and an attempt has been made to re- 
interpret the structural and stratigraphic 
relationships of the formations involved 
in the post-Cambrian dislocations. 

Superimposed on the Foreland, which 
outcrops to the west of, and beneath, 
Loch Eriboll, are four nappes : 


5. Moine Nappe. 
Moine Thrust 
4. Eriboll Nappe. 
Eriboll Thrust 
3. Arnaboll Nappe. 
Arnaboll Thrust 
2. Sole Nappe. 
Sole Thrust 
1. Foreland. 


1. The Foreland is composed of Lewisian 
rocks of the Laxfordian Complex (biotite- 


Structural Petrology and Problems of the Caledonides 


and hornblende-gneisses), and Cambrian 
sediments. The gneisses have a constant 
foliation-strike NNW.-SE. The nearest 
Torridonian rocks lie five miles west of 
Loch Eriboll and are of arkosic facies. 

2. The Sole Nappe consists of Cambrian 
rocks (up to the Eilean Dubh Limestone) 
only, repeated numerous times by reversed 
faulting (Imbricate Structure). 

3. The Arnaboll Nappe is composed of 
Lewisian gniesses and Cambrian rocks (up 
to the Eilean Dubh Limestone). The 
structures of this nappe are characterised 
by relatively plastic folding, including ex- 
tensive overturning. The Lewisian rocks 
are biotite- and hornblende-gneisses, with 
associated pegmatites, which have suffered 
retrograde metamorphism. The strike is 
dominantly NE.-SW., as opposed to the 
Foreland Lewisian. 

4. The Eriboll Nappe is complicated by 
subsidiary thrusting at its base. It is not 
certain whether the major transport oc- 
curred above or below this basal zone, 
which is, effectively, a schuppen zone 
beneath the main nappe. The basal zone 
contains sheared lenses, or schuppen, of 
clearly recognisable Lewisian gneiss, Cam- 
brian quartzite and limestone. The main 
nappe consists of a sedimentary sequence 
of sheared quartzites (siliceous schists or 
*Sils’) alternating with pelitic schists 
(‘ frilled schists,’ ‘ oystershell rocks,’ or 
‘ Pels ’) and capped by 20-30 ft. of highly 
sheared Lewisian gneiss. The generalised 
sequence is: 


Lewisian gneiss 


Upper Sil . 40 ft. 
Upper Pel, with cal- 

careous band 115 ft. 
Lower Sil 85 ft. 
Lower Pel 60 ft. 


Near the upper margin of the Upper Pel 
is developed a band of calcitic limestone 
with a maximum thickness of 8-9 ft. The 
foliation of this sequence is due to shearing 
but follows the original stratification. 

5. The Moine Nappe contains a mono- 
tonous series of quartzo-felspathic granu- 
lites with a few minor pelitic bands. Most 
probably the metamorphism was that of 
high biotite-grade, but the rocks show 
evidence of retrograde metamorphism, in 
which brown biotite was replaced by green 
biotite and some chlorite. 
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The primary problem presented by this 
area is that of the age and structural 
relationships of the Eriboll Nappe Se- 
quence. The basal zone of the Eriboll 
Nappe contains indisputable Cambrian 
and Lewisian elements. The main part 
of the nappe is separated by a thrust from 
the basal zone, but shows many compar- 
able lithological types. On the other hand, 
the sequence is not strictly comparable 
with the very uniform Cambrian succes- 
sion of the Foreland. It is still less easy 
to compare it with any of the known facies 
of the Lewisian, Torridonian, or Moinian 
of the region. The balance of proba- 
bilities favours a Cambrian age. 


Structural Relationships 


Prominent lineations, pitching to the 
ESE., are found in the Moine and Eriboll 
Nappes, but not in the Arnaboll and Sole 
Nappes. The lineations observed are 
b-structures, and superficial examination 
suggests that the structures of Moine and 
Eriboll Nappes are homologous. Statis- 
tical analysis, however, shows a significant 
difference in mean direction of pitch in 
the two nappes. 


Moine Eriboll 

Nappe Nappe 
No. of observations, n 206 116 
Mean direction, x 100-4° 106-8° 
Standard deviation,s 14-75° 16-05° 


It is arguable, however, that statistical 
significance is not necessarily geologically 
significant, and that the differences ob- 
served are due to a rotational movement 
of the Moine Nappe, whose rocks were 
already lineated, during its emplacement 
above the Eriboll Nappe. It is also 
suggested that, in comparing two popula- 
tions of structural data, in such a case, 
more importance attaches to the distri- 
bution of lineations about the mean, than 
to the mean itself. In the case under 
consideration the standard deviations of 
the two populations are extremely close, 
which implies that the lineations of the 
Moine and Eriboll Nappes share the same 
metamorphic and tectonic history, except 
the final phase of emplacement of the 
nappes. 

If this is so, the evidence points to a 
post-Cambrian origin of the lineation, 
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and hence of the general metamorphism 
of the Moine. Corollaries to this hypo- 
thesis are : 


(a) The general and dislocation meta- 
morphisms of the Moinian must have 
taken place during the same orogenic 
(Caledonian) period. 


(6) An Eo-Cambrian or Cambrian age 
for the Moine sedimentation is made 
possible, but a Torridonian age is not 
ruled out. A Lewisian age seems unlikely, 


Some Aspects OF MoINE AND CAMBRIAN 
FABRICS IN THE REGION BORDERING 
SUTHERLAND AND Ross 


by 
C. B. Crampton 


Wrrnin this area the regional Moine 
fabric is marked by a south-easterly 
plunging lineation, due invariably to mica 
flake elongation and preferred orientation 
in a girdle of cleavage-poles as described 
earlier by Phillips. By measuring 2’ 
within the foliation plane it has now been 
established that there is in addition a 
preferred orientation of muscovite crystal- 
lographic a axes normal to the lineation. 
On an orthodox interpretation, this adds 
confirmation to the postulated movements 
in a NE.-SW. plane. Most of the dark 
mica is virtually uniaxial, but in some 
instances it has been shown that the 
b crystallographic axes in these micas 
parallel the a axes of muscovite. In 
places throughout the region there is a 
marked re-orientation of the mica axes, 
and near the thrust planes the orienta- 
tion often corresponds to SE.-NW. move- 
ments. 

Epidote shows a fabric similar to those 
described by Sander and by Ladurner 
(1951), which is related in orthodox 
manner to those of quartz and mica. The 
degree of preferred orientation is lower in 
many of the partially crushed schists from 
the belt of dislocation, but the pronounced 
preferred orientation of 6 crystallographic 
axes continues to parallel the lineation ; 
hence these features are regarded as relics 
of Moine 6 structures which movements 
along the thrust planes have failed to 
destroy. 
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Albite in the regional fabrics of the 
Moine schists rarely shows any appreciable 
preferred orientation. Near the Moine 
Thrust, however, the crystallographic ¢ 
axes tend to parallel the lineation ; on the 
basis of the results of Schmidt (1928) and 
Osborn (1939), this orientation corre- 
sponds to development by movements in 
a SE.-NW. direction (at right angles to 
the movement believed to have been 
associated with the development of the 
regional lineation). 

Quartz diagrams show all transitions 
from the regional ac girdle disposed in a 
NE.-SW. plane, through various types of 
crossed girdles, to a rare simple girdle 
disposed SE.-NW. The exceptional quartz 
fabrics can sometimes be shown to be later 
than the mica fabrics and lineation, and 
appear to correspond to modification of 
the pre-existing regional fabric during 
overthrusting. Quartz fabrics from Cam- 
brian rocks immediately below the thrusts 
usually consist of various combinations of 
two girdles ; at greater distances from the 
thrusts there is either no preferred orient- 
ation or a pattern of sedimentary type 
(an apposition fabric). 

Carbonate fabrics, chiefly dolomite, 
from below the Moine Thrust plane are 
often complex, requiring thorough verifi- 
cation of homogeneity. Such fabrics sug- 
gest compression or rotation in a vertical 
SE.-NW. plane near the sole, and a 
vertical SW.-NE. plane near the thrust 
planes. 

In general, these results suggest that 
the Moine rocks experienced an early 
regional deformation characterised by 
penetrative movement, followed by a later 
deformation of a less continuously pene- 
trative kind. The Cambrian rocks have 
experienced only the later deformation, 
corresponding to a forward thrusting 
normal to the line of the thrust outcrops ; 
immediately adjacent to the thrust planes, 
however, compression and rotation in a 
vertical plane parallel to the outcrop have 
been important. 


REFERENCES 
Lapurner, J. (1951) : Neues Jahrb. Min., Abh. 
” 


Osporn, E. F. (1939) : Bull. geol. Soc. Amer. 50, 
921-50. 


ee W. (1928) : Neues Jahrb., B.B., 57 A, 


Structural Petrology and Problems of the Caledonides 


TimE SEQUENCES OF FOLDING, THRUSTING 
AND RECRYSTALLISATION IN THE KiIs- 
HORN AND MolINE NAPPES IN THE 
LOcHCARRON AND COouLIN ForeEst 
AREAS OF WESTERN Ross 


by 
M. R. W. Johnson 


Tue Lochcarron and Coulin areas have 
been remapped on a 6-inch scale and the 
tectonic and metamorphic phenomena 
produced by the Moine Thrust movements 
studied in detail. The new work shows 
that during the Moine Thrust movements 
a common structural pattern was imposed 
on the Moine, Lewisian and Torridonian 
rocks of the Caledonian Thrust Zone. 

Two main tectonic episodes occurred 
during the prolonged thrusting. In the 
first and more important episode a wide- 
spread ESE. trending lineation was im- 
pressed on the rocks : numerous folds and 
a strongly developed orthorhombic micro- 
fabric are related to this lineation. The 
overall orthorhombic symmetry exhibited 
by these structures rules out the possibility 
of transport along the Moine Thrust at 
right angles to the ESE. lineation and 
indicates that the rocks were subjected to 
an all-round uneven squeezing rather than 
directional shearing stress. This restricted 
transport in a thrust zone where the move- 
ments are predominantly monoclinic, i.e. 
one-sided, is problematical. The observed 
structures were evidently produced by 
subsidiary stresses (possessing orthorhom- 
bic symmetry) set up in the rock mass 
during major tectonic transport west- 
wards along the Moine Thrust. The ESE. 
folds probably resulted from local lateral 
extension and concomitant N.-S. com- 
pression of laminated rocks involved in the 
thrusting, N.-S. extension being produced 
by the superincumbent load of the over- 
riding thrust slices. Folding probably 
post-dated the formation of the orthorhom- 
bic micro-fabric. 

The thrusts themselves are gently flexed 
on E.-W. axes so that bulges in the nappes 
occur at certain places along the thrust 
front, e.g. Skye and Coulin; folding 
appears to be concentrated within these 
areas of thickening of the nappes. 

At Lochcarron the enormous Loch Alsh 
Syncline was produced by accelerated 
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movement of the upper slices over the 
retarded lower slices at an early stage in 
the thrusting. Later, the drive of the 
Lewisian slice (acting as a traineau écraseur) 
over inverted Torridonian along a slide 
termed the Strome thrust, induced linea- 
tion and tectonite fabric in the inverted 
Torridonian and a cleavage which dips 
eastwards more steeply than inverted 
bedding. There is remarkable conformity 
between dip and strike of Lewisian folia- 
tion and Torridonian bedding. 

These movements produced intense 
inter- and intra-granular deformation of 
the rocks. The degree of deformation 
varies according to the structural position 
in the slices and proximity of major 
thrusts. Intensely deformed rocks can be 
traced along and across the strike into only 
slightly deformed rocks. Many mylonitic 
rocks exhibit considerable recrystallisation 
and new mineral growth ; in other rocks 
mechanical cataclasis predominated. Some 
Torridonian and Lewisian rocks were 
partly or completely reconstituted during 
these movements. 

The second episode consisted of late- 
stage post-crystalline movements on the 
thrusts which impressed localised N.-S. 
trending linear structures on the rocks. 
These structures occur in small areas of 
brecciated mylonite. 

The time relationship between the 
complex thrust movements and the major 
fold movements of the Moine is suggested 
by the new structural evidence from 
Coulin. Two distinct fabrics with differ- 
ent tectonic styles occur in the Moines 
at Coulin. About two miles east of the 
Moine Thrust the orthorhombic thrust- 
fabric gives place to a widespread mono- 
clinic fabric which was developed during 
the regional metamorphism of the Moine. 
The two fabrics overlap in a narrow 
transition zone. This suggests that the 
orthorhombic fabric was overprinted on a 
pre-existing Moine fabric at the time of 
the thrust movements. 

The author believes that both the re- 
gional metamorphism and _ large-scale 
folding of the Moine schists, and the sub- 
sequent Moine Thrust movements, oc- 
curred during the Caledonian orogeny. 


Tue STRUCTURAL PETROLOGY OF THE 
DALRADIAN Scuists oF N.E. Antrm 


by 
D. C. Goldring 


Some of the small-scale structures and the 
microfabric of the metamorphic rocks of 
North-east Antrim were described. Bed- 
ding-foliation dips define an anticline, 
with axis directed NE.-SW., which divides 
the area into two parts. To the north- 
west of the crest the axes of the small-scale 
structures trend NE.-SW., whilst to the 
south-east of the crest they plunge to the 
SSE. Fine lineations are present through- 
out the area, and are generally directed 
either NW. or SE. on the respective limbs 
of the anticline. In the field these linea- 
tions are seen to result chiefly from minute 
puckering, relative elongation and the 
girdle arrangement of the mica flakes. 
Fabric analyses show that they are related 
to a preferred lattice- and dimensional- 
orientation of minerals. There is usually 
a single plane of symmetry perpendicular 
to the lineation. Lineations resulting from 
similar effects have been observed in 
Kintyre, Cowal and other parts of the 
south-western Highlands of Scotland and 
appear to have a fairly consistent NW.-SE. 
orientation. They were first described 
from Cowal by Clough (1897), who 
regarded them as ‘ directions of stretching.’ 
However, these lineations and associated 
fabrics are very similar to those described, 
for example, by Phillips (1937) in which 
the movements are considered to have 
taken place about the lineation axis. 

In Antrim there is evidence that these 
lineations are independent of, and de- 
veloped earlier than, the small-scale 
structures. |On the south-eastern limb of 
the anticline, for example, where the angle 
between the two axial directions averages 
50°, the lineation may be unrolled about 
the axis of small-scale folding. The small- 
scale structures may be regarded as 
resulting from the Caledonian deforma- 
tion. The development of the microfabric 
and the associated lineation may there- 
fore be pre-Caledonian or it may repre- 
sent an earlier phase of the Caledonian 
orogeny. 
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Discussion 


Dr. F. C. Putiuips, in opening the discus- 
sion, said that he was naturally gratified 
that so much support was forthcoming for 
some of the chief contentions of his earlier 
work. There appeared to be complete 
agreement that the typical Highland 
lineations represented true B-structures, 
which could not be directly correlated 
with the north-westerly forward thrust 
movements. Further evidence had been 
provided, too, that the regional Moine 
fabric was progressively modified by later 
movements near the thrust zone, and that 
the double girdle fabrics arose from this 
overprinting. Overprinting, however, ap- 
peared to go much further than his own 
measurements had indicated, and the 
distinction of orthorhombic fabrics in the 
zone of dislocation from the regional 
Moine fabric was one which he had not 
established. The resemblance of these 
fabrics to those developed in deformed 
Torridonian and Cambrian rocks certainly 
appeared to point against the Laxfordian 
correlation which he had put forward. In 
view, however, of new problems which 
were then posed by the ‘ Lewisian ’ of the 
Foreland, of the thrust slices and of the 
so-called inliers, he asked whether the 
present results ruled out completely the 
possibility of a pre-Torridonian age for the 
regional Moine fabric. 

Mr. J. M. Christie stated that the 
lineation in deformed Cambrian quart- 
zites and in Primary Mylonitic Rocks at 
Assynt is a B-lineation plunging to the 
ESE. Optic axes of recrystallised quartz 
grains in the quartzites are disposed in 
some cases in a diffuse girdle normal to the 
lineation ; in others there is a tendency 
for the girdle to split into two crossed (Okl) 
girdles, patterns common also in the 
1 Mylonitic Rocks and the granu- 
litic Moine schists. The symmetry of the 
patterns is nearly orthorhombic, in con- 
trast to the monoclinic or triclinic sym- 
metry of the folding. There is evidence 
that the quartz orientation was impressed 
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after the folding. The phase of deforma- 
tion which produced the East-south-east- 
plunging linear structures was probably 
complex. The folding dates from an early 
period of the deformation when the foli- 
ation was an active slip-plane ; the micro- 
fabric was affected by a later stage of the 
deformation with orthorhombic symmetry 
(i.e. without tectonic transport). Since the 
structural style of the Moine schists, of the 
Primary Mylonitic rocks and of the de- 
formed Cambrian quartzites just below the 
Moine Thrust is similar with respect to the 
orientation of the foliation, fold-axes and 
penetrative lineations, the style and sym- 
metry of the folds and the symmetry of 
the quartz orientation, it is considered 
that the main structural features in all 
these rocks date from the same phase of 
post-Cambrian deformation. 

Dr. G. H. Francis remarked that the 
plunge of Highland lineations to the 
south-east quadrant had received much 
attention, but that other directions ought 
not to be belittled. Although not a 
practising structural petrologist, he wished 
to make certain general remarks on 
Highland structural trends. Since there 
was general agreement among the speakers 
that the first-formed major folding of the 
Moines was related in all its elements, 
from major folds through minor structures 
to b-lineations, the fold-axis trends should 
indicate the approximate trends of b-linea- 
tions over wide areas. The major folds, 
however, are not all directed south-east 
but are warped and constantly vary. In 
particular, the wide belt from Fannich to 
the Ross of Mull contains many structures 
approximately north-south (minor struc- 
tures in Fannich and Morar follow the 
major folds in sweeping trends about the 
north-south line). Harry has described 
a north-north-easterly trend in Glen 
Dessary, and he and Leedal have demon- 
strated a wide belt with this trend from 
Ardgour to Cluanie. In the speaker’s 
area at Glen Urquhart, and in the neigh- 
bouring areas of Glen Affric and Abria- 
chan, northerly and north-north-easterly 
fold axes and lineations predominate, 
although there are many minor ‘ swirls.’ 
A north-north-east belt thus seems to 
occupy a strip along the whole western 
side of Glen Mhor. 

Mr. M. R. W. Johnson could not agree 
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with previous speakers that the East-West 
structures of the thrust zone were homolog- 
ous with the South-east-trending lineation 
described in the Moines by Dr. Phillips, 
or that a single stress-system had produced 
both these structures. In the Coulin 
area the East-West linear structures are 
overprinted upon an earlier South-east- 
plunging lineation as the Moine Thrust is 
approached from the east. The megascopic 
and microscopic fabrics within the thrust 
zone have, ideally, orthorhombic sym- 
metry contrasting with the monoclinic (or 
triclinic) symmetry of the Moines to the 
east. The later structures and associated 
microfabric were developed during the 
Moine Thrust movements and largely 
obliterate the older Moine fabric near the 
Thrust. It is thus necessary to postulate 
two major metamorphic episodes in the 
Moines at Coulin, first folding on North- 
west—South-east axes and regional meta- 
morphism, and secondly the Moine Thrust 
movements. The two episodes were, in 
his opinion, closely related in time and 
occurred during the Caledonian orogeny. 
Dr. Francis had drawn attention to the 
Fannich structures described by Sutton 
and Watson ; the Coulin area lies imme- 


diately to the west of the southern exten. 
sion of the Fannich folds, and minor 
structures suggest that a large-scale fold 
with a North-west—South-east axis lies to 
the east of the limits of that area. 

Dr. D. R. Bowes said that he was parti- 
cularly interested in the relationship of the 
minor structures to the major structures, 
He enquired concerning the relationship 
of the South-east-plunging lineation in 
the Moines to the major structures and 
whether this lineation was the only one 
found throughout the Moine outcrop, 
especially in areas adjoining the Dalradian, 
In the Balquhidder district in western 
Perthshire he found the dominant linea- 
tion plunged North-east, but a North- 
north -west— South - south - east lineation 
with associated minor folds was prominent 
in parts. In other Dalradian areas this 
North-north-west—South-south-east linea- 
tion appeared to be the dominant map- 
pable lineation. If this situation was 
paralleled in the Moines it was possible 
that the coincidence of lineation in the 
Moines and in the Lewisian was capable 
of more than one interpretation and that 
the relationship of the minor structures to 
the major structures was important. 


THE ADVANCEMENT OF SCIENCE 


This issue of The Advancement of Science is the fifth and last part of Volume XII. For 
the convenience of members Volume XIII, and future volumes, will begin with the 
September number, which will contain the Presidential Addresses given at the annual 
meeting. The Advancement of Science will also be published in a new format as from the 


September, 1956, issue, No. 50, Vol. XIII. 


CORRIGENDUM 


The following amendments should be made to the paper entitled ‘‘ Internal Migra- 
tion in England and Wales, 1951,” by Mr. R. H. Osborne (Advancement of Science, XU, 
48, pp. 424-434) : 

(a) p. 428, Figure 1. The small symbol for Cornwall should be solid and not shaded. 

(b) p. 429, column 1, lines 2 and 3 from the bottom should read —‘“ its coastal towns 


and its overall gain is negligible. 


To the north of...” 
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MARINE ORGANISMS AND 
BIOGEOCHEMISTRY 


Ar the Bristol Meeting of the British Association, on Monday, September 5, 1955, 
Section B (Chemistry), Section C (Geology) and Section D (Zoology) jointly discussed 
‘Marine organisms and biogeochemistry.’ Dr. J. D. H. Wiseman, British Museum 
(Natural History), contributed a paper on ‘ The rates of accumulation of nitrogen and 
calcium carbonate on the equatorial Atlantic floor.’ He was followed by Mr. M. W. 
Strong, Research Station, British Petroleum Company, Kirklington Hall, who dealt 
with ‘ Marine iron bacteria as rock-forming organisms.’ Dr. H. J. M. Bowen, Radio- 
biological Research Unit, A.E.R.E., Harwell, completed the session with a paper on 


‘The biogeochemistry of Strontium.’ 


An edited version (prepared by the authors) of each of these three papers is printed 


below. 


Toe Rates oF ACCUMULATION OF NITRO- 
GEN AND CALCIUM CARBONATE ON THE 
EQUATORIAL ATLANTIC FLOOR 


by 
Dr. John D. H. Wiseman 


For many years the deep-sea was con- 
sidered an environment in which sedimen- 
tation was continuous and undisturbed. 
The rare deposits of sand were explained 
by assuming that after deposition in shal- 
low water, the sea floor sank to great 
depths. The discovery in cores of several 
sand layers, separated by normal deep-sea 
deposits, has made this theory untenable, 
because it would be necessary to postulate 
repeated vertical movements. Unlike the 
sands on the continental shelf, those on 
the deep-sea floor are normally well 
graded and sorted, the coarser grains being 
at the base of the layer. The presence of 
shallow water benthonic organisms sug- 
gests that they were originally desposited 
in water of no great depth. It is now 
generally believed that they were trans- 
Ported to their present environment by 
horizontal movements along the sea floor 
—possibly by turbidity currents. 

Recent topographic surveys with echo- 
sounders capable of recording depths with 
an accuracy of a few fathoms have revealed 
in several localities abyssal plains with 
Slopes of less than 1/1000. The inner 
margins of these plains are normally at the 


base of the continental slope, and they 
extend outward until some topographic 
obstruction is reached. Isolated knolls 
and seamounts are found within these 
plains. Long cores frequently reveal that 
parts of the sedimentary column were 
originally deposited in shallow water. 
These cores, although of great interest, are 
unsuitable for determining the rates of 
sedimentation of components originating 
in the upper layer of the sea. To carry 
out investigations of this nature, sedimen- 
tation has to be continuous and undis- 
turbed. Normal sedimentation in the 
Atlantic is frequently found on the tops of 
gentle rises, which are apparently outside 
the zone of transportation by turbidity 
currents. It is very desirable that the 
cores should be rich in calcium carbonate, 
and to minimise the possibility of solution 
they should be collected at depths not 
greater than 2,500 fathoms. Cores in 
which there is an appreciable amount of 
volcanic debris, or of aeolian dust, are 
unsuitable. Finally the core must be 
most carefully collected and transported 
to avoid disturbance of the natural 
sedimentary sequence. 

Several cores exhibiting normal sedi- 
mentation have now been taken from the 
flanks of the Mid-Atlantic Ridge, near the 
Equator. They have also been taken 
from rises in the Caribbean Sea and from 
other localities. The core, selected for 
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this investigation, was collected by the 
Swedish Deep-Sea Expedition 1947-8 in 
1° 10’ N. 19° 50’ W., at a depth of 2,379 
fathoms. It was taken from the top of a 
small knoll roughly 100 fathoms above 
the general level of the sea floor. Sections 
approximately 4 cm. thick were taken 
continuously down this core, in which 
there is no evidence of disturbance, or of 
transportation of sediment from shallow 
water. 

To compute rates of accumulation from 
the percentages of nitrogen and calcium 
carbonate, it is necessary to determine the 
weights of dried salt-free sediment in unit 
area columns through each section in its 
original moist condition (hereafter called 
the weight of sediment in the section), as 
well as the number of years (the age range) 
required to deposit each section. For- 
tunately, the weight of sediment in a 
section of known thickness can be com- 
puted from accurate chlorinity determin- 
ations. The reasons for this are the 
linear relations, in highly calcareous deep- 
sea sediments, between water content and 
salinity, as well as between the wet volume 
of unit mass of dried salt-free sediment and 
its water content. It is, therefore, possible 
to establish a relation between the weight 
in milligrammes of dried salt-free sediment 
in 1 c.c. of the moist sediment and its salt 
content. 

Determination of the age range of each 
section—normally a few hundred years— 
is a more difficult problem. Age deter- 
minations based on the decay of radium 
are unsuitable. The method cannot give 
with any precision the number of years 
required to deposit 4 cm. sections, even if 
the rates of accumulation of radium, 
ionium and uranium have remained 
constant, and there has been no post- 
depositional movement. Similarly the 
radiocarbon method cannot give accurate 
results, because a section several centi- 
metres thick is necessary to carry out the 
determination. Investigations, in the radio- 
carbon laboratory of the United States 
Geological Survey, have suggested the poss- 
ibility of exchange by recent carbon, during 
the drying of the core. Also differences 
of 1,700 years have been obtained with 
material of differing grain size, from the 
same sample. 

In view of the difficulties inherent in 


these techniques, the age range of each 
section was determined from the weight of 
clay, or from the weight of elements whose 
rates of sedimentation had been shown to 
remain constant with time. To under. 
stand the method it is necessary to appre. 
ciate the origin of the non-biological 
components of deep-sea deposits, where 
sedimentation has been normal and 
undisturbed. The components may be 
divided into two classes : the unweathered 
high temperature minerals of the litho- 
sphere and the solid phases originating in 
the hydrosphere (hydrological compo- 
nents). There is possibly a third class— 
namely the extra-terrestrial components, 
The ratios, however, of nickel to cobalt, 
nickel to copper and copper to cobalt in 
this core indicate that there has been 
no appreciable contribution of material 
similar in composition to meteorites, unless 
some remarkable chemical differentiation 
has taken place. 

The high temperature minerals are 
derived from the land, as well as from § 
submarine rocks and volcanoes. Minerals 
of this class are fortunately very rare in 
this core. Included in the hydrological 
components are the secondary minerals 
formed by ionic reactions in the conti- 
nental hydrosphere. In addition there are 
substances precipitated in the marine 
hydrosphere. Nearly twenty-five years 
ago Goldschmidt computed for each 
element the potential supply to the sea 
during geological time. A comparison of 
this table with the concentration of metal 
ions in sea water shows that with the 
exception of sodium, the amounts added to 
the sea far exceed the quantity in solution. 
It is, therefore, evident that the low con- 
centration of certain metallic ions, appar- 
ently far below their solubility, is not the 
result of a small contribution from the 
land. Metal ions may be removed from 
the sea by biological processes. They 
may also be precipitated in hydrological 
substances—for example, as hydroxides 
and some probably in the form of alumino- 
silicate gels. In addition there are ele- 
ments chemically scavenged from sea 
water—for example, by iron or manganes¢ 
hydroxides, alumino-silicate gels, clays and 
organic matter. 

The influx into the sea of metal ions 
is unlikely to have changed appreciably 
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during the latter part of the Pleistocene ; 
hence it would be reasonable to assume 
that the rate of formation of marine hydro- 
logical substances has remained constant. 
The amount of fine-grained particulate 
matter in coastal waters may, however, 
have varied considerably. Nearly forty 


years ago von Smoluchowski demon- 
strated that the coagulation of colloids 
is a second order reaction, and con- 
sequently in an advanced stage of the 
reaction, the concentration is almost 
independent of its initial value. The time 
taken by the water mass to move from 
coastal regions would probably be sufficient 
for the reaction to proceed to an advanced 
stage. Consequently changes in the con- 
centration of particulate matter in coastal 
waters, whilst greatly influencing the rate 
of accumulation of terrigenous deposits, 
would have negligible effect on normal 
sedimentation in the deep-sea. In addition 
it would seem likely that the formation of 
marine hydrological substances is a second 
or higher order reaction. Thus, even if 
we postulate in coastal waters changes in 
the concentration of elements involved in 
these reactions, there would in the deep- 
sea, be no appreciable change in their 
concentration. 

Theory, therefore, suggests that in deep- 
sea localities where there has been normal 
sedimentation, and no _ post-depositional 
removal, the rates of sedimentation of 
the hydrological components should re- 
main constant. If this hypothesis is 
correct then the age range of each section 
is proportional to the weight of clay in 
the section, or the weight of any element 
whose rate of accumulation has remained 
constant. 

It is essential, before computing age, to 
check that the rates of accumulation of 
clay, as well as of the selected elements 
have remained constant. Also it must be 
shown that there have been no post-de- 
positional movements of these elements. 
Geochemical age determinations cannot 
be made with any degree of certainty by 
estimating a single metallic element in 
widely spaced samples. To eliminate as 
far as possible the many uncertainties, 
accurate determinations of several ele- 
ments are required on sections, which 
ideally should be taken continuously down 
the core, 
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Brief consideration will now be given to 
possible methods of checking the constancy 
of the rates of accumulation of the non- 
biological components. If the rate of 
accumulation of any one of the high 
temperature minerals, or of those sub- 
stances that make up the hydrological 
components changed, this would in gen- 
eral be reflected by a change of chemical 
composition. If there were a sudden 
addition of the lithogenous mineral ilmen- 
ite this would be shown by a change in the 
titanium percentage, when expressed on 
a carbonate-free basis, as well as in the 
iron-titanium ratio. Similarly, if the rate 
of accumulation of the alumino-silicate 
gels increased with respect to that of iron 
or titanium, the percentages of the latter 
two elements, when expressed on a car- 
bonate-free basis would be reduced. Also, 
if there were a sudden addition of diatoms, 
which contain very small amounts of iron 
and titanium, the percentages of these two 
elements, when recalculated on a car- 
bonate-free basis, would be below the 
average. Notable changes in the rates 
of accumulation of the non-biological 
components are found in coastal sediments, 
as well as in some deep-sea sediments, 
especially where there has been transporta- 
tion by turbidity currents, or where the 
cores have been collected from volcanic 
regions. Similarly, post - depositional 
chemical movements are characterised by 
changes in composition. 

In this core there were no appreciable 
variations in the iron-titanium ratios, or 
in the percentages of iron and titanium 
expressed on a carbonate-free basis. The 
standard deviation from the average, 
expressed as a percentage is 5-9 for 
titanium and 4-9 for iron. From this it 
was concluded that there were no post- 
depositional movements of these two 
elements, or any significant changes in the 
rates of accumulation. The age range of 
each section was computed from a know- 
ledge of the annual rates of accumulation 
of these two elements and the amounts in 
each section. The average difference in 
age range between the two methods is 
3+8 per cent. In the section showing the 
greatest difference, namely 13 per cent., 
the titanium content is greater than the 
average, but the amount of iron is normal. 

It would, therefore, appear that in this 
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section the titanium age range is erron- 
eous, probably because of post-deposi- 
tional movement, or a slight change in its 
rate of deposition. It is also significant 
to point out that the iron and titanium age 
ranges are in general agreement with those 
computed from the clay contents. 


Rates of accumulation of calcium car- 
bonate and nitrogen were computed, as 
explained earlier, from the weights of 
these substances in each section, and the 
age range of the section. A graph of the 
rates of accumulation of calcium carbon- 
ate shows that the annual rate changes 
between 0-9-1-1 mgm./cm.? during the 
last 7,000 years, the highest rate being 
about 3,000 s.c. which may correspond 
to the Thermal Optimum. Before 5,000 
B.c. the rate rapidly falls off, and at 
approximately 14,000 B.c. the rate was 
0-28 mgm./cm.?. Similarly the annual 
rate of accumulation of nitrogen varied 
between 2-4-3-6x 10-4 mgm./cm.? dur- 
ing the last 7,000 years. Before 5,000 B.c. 
the rate rapidly falls off, and at 16,000 B.c. 
the rate was 1-1 x 10-4 mgm./cm.?. 

It might be considered that the greatly 
reduced rate of accumulation of calcium 
carbonate is simply an expression of in- 
creased solution. ‘This explanation is not 
supported by the preservation of the deli- 
cate structures of the coccolithophorids, 
revealed by the electron miscroscope ; the 
concomitant decrease in the rate of 
accumulation of nitrogen, and the decrease 
in the size of the foraminiferal fraction 
> 63 yw. Further, examination of the 
planktonic foraminifera shows that where 
the assemblage indicates warmer condi- 
tions, the rates of accumulation of both 
calcium carbonate and nitrogen are higher. 
This relation is strongly supported 


TABLE I 


Section No. P3 P46 P48 
Globigerinoides sacculifera 26 -4°C. y 22 +2°C, 
Pulleniatina obliquiloculata 23:1 20-0 19-2 
Globigerina dubia 21-8 17-1 15-7 
Globorotalia menardii 20-8 18-9 
Globorotalia tumida 17-4 15-7 15-9 
Annual rate of accumula- 

tion of calcium carbonate 1-00 mgm./cm.? 0-46 mgm./cm.2 0:34 mgm./cm.? 
Date of the mid-point of 
the section A.D. 1,200 11,750 B.c. 12,800 B.c. 


582 


by the temperatures (Table I) at which 
the shells of the planktonic foraminifera 
were deposited. The temperatures are 
based on 0!* measurements, carried out by 
Dr. C. Emiliani, and unlike those in an 
earlier publication, have been corrected 
for the isotopic composition of sea water, 


The investigations on this core indicate 
that about 15,000 B.c., when the upper 
layer of the sea was several degrees cooler, 
the rates of accumulation of calcium 
carbonate and nitrogen were about one 
third of their present-day value. 

It might be considered that this reduc- 
tion is the result of a local change in 
oceanographic conditions, and not repre- 
sentative of the Equatorial Atlantic. 
Recent work, carried out in the Institute 
for Nuclear Studies, Chicago, and the 
Lamont Geological Observatory, New 
York, has shown that it is possible to 
correlate over distances of 350 miles 
changes in cores from gentle rises in the 
Equatorial Atlantic. This correlation can 
be extended to suitable cores from the 
Caribbean Sea. Isotope determinations 
on the shells of Globigerinoides sacculifera, 
isolated from sections every other centi- 
metre, indicate that the temperature at 
which the shells were deposited rose rapidly 
to a maximum and then slightly decreased. 
Unfortunately, the appropriate geochemi- 
cal measurements have not been made, 
so the rates of accumulation of calcium 
carbonate and nitrogen, as well as the 
age of the sections, cannot be computed. 
There is, with increasing age, a decrease 
in the size fraction > 62 p, which consists 
almost entirely of planktonic foraminifera. 
The percentage of this fraction is a rough 
index of the productivity of planktonic 
foraminifera, provided that the degree of 
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shell fragmentation has remained the same, 
and that the proportion of foraminifera to 
coccolithophorids has remained constant. 
Radio-carbon age determinations on thick 
sections indicate that the cooler period 
was about 14,500 B.c. In conclusion, it 
would, therefore, seem likely that the 
changes revealed in this investigation by 
detailed geochemical work, biological ex- 
amination of planktonic foraminifera and 
(!8 determinations on their shells, are due 
to some general change, which affected 
at least the Equatorial Atlantic Ocean 
and the Caribbean Sea. 


MarinE [RON BACTERIA AS Rock FORMING 
ORGANISMS 


by 
M. W. Strong 


Tus paper briefly describes certain iron 
bacteria and associated micro-organisms 
which have been extracted from ferru- 
ginous salt deposits laid down in saline 
seas of Permian and Devonian age. The 
associated iron oxide is mainly haematite 
and it is suggested that the considerable 
deposits of this mineral on some of the 
Persian Gulf islands are probably of 
similar origin, having been washed out 
from Cambrian salt plugs which have 
emerged from great depths to burst 
through the sea floor and of which the 
insoluble residue forms the islands. 

The examination of rock material for the 
finer micro-organisms entails considerable 
care to exclude atmospheric dust and other 
impurities from the indigenous material. 
With rock salt additional precautions are 
necessary due to the ease with which it may 
pick up extraneous matter from other rocks 
during movement, solution and recrystal- 
lisation. The following reasons are there- 
fore given for concluding that the organ- 
isms here described represent contempor- 
aneous fossil material. 

The main source material consisted of 
solid cylindrical cores of crystalline rock 
salt of Upper Permian age obtained from 
between 3,900 ft. and 4,200 ft. in a deep 
borehole drilled at Eskdale in N.E. York- 
shire in 1939. Numerous specimens had 
been well preserved and packed dry in 
saw-dust in sealed jars. They were 4 in. 
in diameter, up to 8 in. or 9 in. in length 
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and, on fracture, exhibited well-developed 
halite crystallisation often continuous for 
several inches. This crystallisation is 
thought to be primary because of the un- 
disturbed appearance of colonies of micro- 
organic matter dispersed, and clearly 
visible, within the body of the trans- 
parent crystalline salt. Furthermore, the 
salt cores from similar boreholes elsewhere 
in the district, where the beds had been 
disturbed, showed marked granulation 
and in such granulated material all organic 
colonies had been disintegrated. Also, in 
the undisturbed material, thread bacteria 
several millimetres in length could be 
found, in contrast to the disturbed 
material in which coherent matter was 
absent or fragmentary. Finally, this or- 
ganic matter was wholly confined to beds 
of red rock salt rich in either disseminated 
iron oxides or in colonies of organisms 
in which the oxides were concentrated. 
White rock salt, though carefully searched, 
yielded no organic remains. 

Atmospheric dust particles and water 
impurities were examined, but resembled 
in no way the matter here described, and 
which is easily distinguished by its content 
of thread bacteria, iron-oxides and other 
readily differentiable material. 

For the benefit, however, of other 
workers it may be mentioned that numer- 
ous specimens of spirally twisted, ribbon- 
like forms with swollen margins were 
found and also a few segmented sheathed 
forms. Though probably representing 
Gallionella and Leptothrix these will not 
be further discusssed pending confirmatory 
work. A comprehensive study of the 
bacterial content of these salts would 
entail a dust-free room with filtered air 
and other elaborate measures. 

Regarding the extraction of the mater- 
ial, the core fragments were repeatedly 
washed until a considerable thickness and 
all adhering adventitious matter had been 
removed. Sometimes the remaining salt 
was placed in a covered jar of distilled 
water and left to melt slowly, upon which 
the organic matter tended to float at the 
top of the saturated layer and could be 
pipetted off readily and either mounted 
directly in brine or placed in a second 
jar of distilled water to remove all salt 
and then pipetted on to a slide and 
mounted as desired. 
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Alternatively, fragments of washed salt 
were placed in a Petri dish under water 
and observed under a binocular (x 50), 
and the emerging bacterial colonies col- 
lected by pipette as they became free. 
Another method was to place a minute- 
fragment of a red colony on to a micro- 
scope slide, place a cover glass over it and 
irrigate it with distilled water. This 
allowed continuous observation under 
fairly high magnification. The most con- 
venient magnifications for subsequent 
work were X 250 and x 1250, little fine 
detail being observable without an ail 
immersion lens. 

The bulk of the organic material con- 
sisted of aggregates or colonies composed 
of a mesh of fine threads or filaments 
variably dispersed as shown in Figs. 1 to 6. 
In Fig. 1 no connective tissue is present, 
but in the remainder the filaments appear 
to be held together by some transparent 
yellowish brown mucilaginous material, 
the appearance of the whole mass being 
that of a broken membrane which may 
reach | to 2 mm. in diameter. It is 
probable that this connective tissue is 
always present at one stage of growth, but, 
on decay, leaves the spicular matter 
unsupported so that the individual threads 
can gradually separate. 

An interesting specimen is shown in 
Figs. 3 and 3a, which represent a portion 
of a fairly strong membrane pale brown in 
colour and about 0-33 mm. wide as its 
maximum and showing little morpho- 
logical detail at x 80 magnification. At 
x 1600 magnification, the small black 
0-02 mm. spot towards the bottom right 
hand margin proves to be a granular 
mass, possibly of iron sulphide particles, 
set in a matrix composed entirely of inter- 
twining threads less than 0-5 y in width. 

The evidence suggests that unbroken 
membranes containing spicules or threads 
represent an earlier stage of development 
and Fig. 8 suggests a connecting link 
between the broken spicular membranes 
and the complete cyst-like bodies now to 
be described. 

These cyst like bodies average 4} mm. 
in length and show a variety of form, such 
as globular, lobed, and elliptical (Fig. 7), 
but are quite commonly lozenge shaped 
with one blunt squarish end and one more 
pointed (1). When first extracted they 


are full of liquid and vary from colourless 
objects, transparent and practically invisi. 
ble in water, to yellow or even dark 
brown. The membrane is porous and 
collapses on desiccation, when it may 
develop wrinkles. Its thickness is probably 
a few hundred Angstréms. 

The detailed structure is often too fine 
for normal optical methods, but a ten- 
dency to granulation is suggested by 
visible irregularities of colour, as can be 
seen in Fig. 7a, showing a portion of the 
upper edge of Fig. 7, which also shows 
folding. 

The specimen showing in Fig. 8 includes 
a number of very fine thread bacteria of 
which some protrude through the mem- 
brane. This specimen also contains some 
hexagonal haematite crystals and it is 
tempting to regard it as a half-way stage 
between the plain ‘ cysts’ and the broken 
membranes. Other specimens of these 
cyst-like bodies, with internal threads, 
have also been found and, when in this 
stage, show internal haematite crystals, 
The sacs are often attached to minute 
fragments of tubular material of various 
sorts which may be plant debris. 

The thread bacteria themselves rarely 
exceed 1 p in thickness, but their length 
may run to millimetres. Usually they 
appear perfectly cylindrical, smooth and 
without any visible taper, but rare 
variations of form occur and in Fig. 5 
several unusual features are seen. One is 
a simple, blunt-ended terminal swelling 
shaped like a base-ball bat, about 0-01 
mm. in length, and up to 2 y» in width. 
Another is a spindle-shaped terminal 
swelling somewhat longer, sharply pointed 
and possibly grooved longitudinally, 
though this is difficult to observe. In 
some specimens, as in Fig. 5a, there is a 
suggestion of an incipient groove in the 
blunt swelling, but whether this is 4 
preliminary development of the spindle 
prior to fission is not known. Although 
the threads seldom show any pattern of 
arrangement, groups of sub-parallel bun- 
dles are not unusual. 

The threads appear to exhibit more than 
one stage of growth and both Figs. 1a and 
2a show a background of thinner and less 
prominently developed forms which are 
colourless and usually highly sinuous. A 
later development of a sheath is indicated 
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by the change in refractive index and 
much sharper definition of ‘ older’ threads, 
some of which are coloured, due possibly 
to a sheath of iron oxide. 

There is an apparent gradation from the 
coarser straight brown fragments of the 
threads to slender needle-shaped and 
possibly orthorhombic crystals of iron 
oxide, but actual replacement has not 
been proved. 

The coarser threads are highly resistant 
to heat and acids and this may be due to 
the presence of iron oxide in the sheath. 
The finer threads have not been tested. 

Associated with the finer threads as in 
Figs. la, 4a and 5, are groups of round, 
minute colourless objects about 4 u dia- 
meter. Unfortunately, some of these 
appear to be due to a lens effect where two 
threads intersect, and an electron micro- 
scope would be necessary to differentiate 
between those representing mineral or 
organic matter and mere effects of refrac- 
tion. Fig. 9 represents a mass of fine red- 
brown tissue composed apparently of a 
mass of such small spherical objects in 
which a tendency to linear grouping is 
evident. In many similar masses fine 
threads are visible. 

The thread bacteria so far described 
are all from Permian rock salts, aged ca. 
150 million years, and compare closely 
with those (Fig. 6) extracted by similar 
methods from a core of rock salt from the 
potash beds of Saskatchewan which are 
Devonian and aged ca. 350 million years. 
The concentration of iron oxide is similar 
to that in many Permian specimens. 

These iron bacteria, however, do not 
appear limited to a particularly ferru- 
ginous environment as straight spiculae of 
similar form were described by D. Ellis 
(1) from a Gault boulder, of age ca. 60 
million years. 

The associated iron shows considerable 
variety of form. A common habit is the 
minute hexagonal plate of haematite but 
crystals may be elongate and spicular or 
quite irregular. Under high power cer- 
tain greenish brown extremely thin cry- 
stals with a poorly defined outline suggest 
that other oxides may be present and in 
Many specimens dense masses of granular 
(} u) oxide are present. 

Although they cannot be regarded as 
rock-building organisms in the manner of 
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corals and algae, these bacteria may 
provide the material for certain deposits 
of iron oxide by means of solution of the 
salt and aqueous redeposition of the 
haematite. 

Having traced them from the Creta- 
ceous to the Devonian (and possibly the 
Siluro-Devonian) it is probable that they 
lived in Cambrian time and offer an 
explanation for the large deposits of minute 
haematite crystals which form some of the 
islands of the Persian Gulf, many of which 
represent residual material washed out of 
large masses of Cambrian salt which have 
risen through great thicknesses of younger 
rocks to emerge in the floor of the sea. 

Unfortunately, only a small and highly 
disturbed fragment of this material was 
available and remains of thread bacteria 
were not found in it. The conclusion is 
therefore tentative. 
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BIOGEOCHEMISTRY OF STRONTIUM 
by 
Dr. H. J. M. Bowen 


STRONTIUM is an element which is common 
and widely distributed in nature. How- 
ever, little is known of its behaviour in 
living organisms, apart from the fact that 
it tends to follow the much commoner 
element calcium, which it closely resem- 
bles chemically. Thus it is known to be 
rapidly absorbed from blood and soft tissue 
and to concentrate in calcareous structures 
like molluscan shells and vertebrate bones. 
Since the advent of nuclear fission con- 
siderable interest has been aroused in the 
biological fate of strontium as two isotopes 
of the element are among the longer- 
lived fission products of uranium. Fission 
products may be dispersed over enormous 
areas by atomic explosions, but fortun- 
ately only a few have half-lives sufficiently 
long to constitute a biological hazard. 
Table I lists the radioactive fission pro- 
ducts with half-lives between one and one 
hundred years, and it will be seen that by 
far the most abundant of these are Caesium 
137 and Strontium 90. Caesium is less 
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I 


FissioN PRODUCTS WITH HALF-LIVES 
BETWEEN 1 AND 100 YEARS 
% Fission Half-life 
Isotope Yield (Years) 
Caesium 137 33 


nN 
— 


Strontium 90 5:9 28 
Promethium 147 2°6 
Samarium 151 0-45 73 
Ruthenium 106 0-38 1-0 
Krypton 85 0-34 10 
Europium 155 0-03 1°8 
Antimony 125 0-02 2°7 
Cadmium 113 0-00005 3°5 


hazardous to human beings than stron- 
tium, since it is not stored in any particular 
tissue and is very rapidly excreted. It is 
clearly important to study the biogeo- 
chemical behaviour of strontium in order 
to predict the fate of the Strontium 90 
already released into the atmosphere by 
atomic explosions, which will not decay 
to negligible proportions for about three 
hundred years. 

One of the main difficulties in such 
studies has been the lack of sufficiently 
sensitive analytical techniques for measur- 
ing small amounts of strontium. The 
large quantities of calcium in biological 
materials interfere with chemical deter- 
minations, while spectrometric determin- 
ations are never very precise and can 
seldom detect less than 10-5 g. of the 
element. The method of activation analy- 
sis recently developed at Harwell is free 
from calcium interference and is suffi- 
ciently precise to determine 10-7 g. of 
strontium. In this method a sample is 
irradiated in a high neutron flux in the 


Brown alga (Fucus serratus) 
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Chiton shell (Lepidochitona cinereus) 
Coral (Leptoseris solida) 

Sea water 
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centre of the pile BEPO and the 2-8 hour 
isotope Strontium 87 is rapidly separated 
by conventional chemical methods and 
measured with a scintillation counter, 
The separation procedure used takes only 
one half-life for up to eight samples, and 
the purity of the separated product can be 
tested in several independent ways. Cal- 
cium isotopes are scarcely activated under 
the conditions used and hence this element 
does not interfere. This method consti- 
tutes a major advance in the study of the 
natural occurrence of inactive strontium. 
I have used it to determine strontium in 
soils, plants, marine organisms and the sea, 

Since the oceans cover nearly three. 
quarters of the surface of the globe, they 
will collect the major portion of fall-out 
directly and to this will be added much of 
the rain soluble fraction of the fall-out 
from the land masses. However, the 
increase in radioactivity of sea water since 
the first atom bomb was exploded must be 
extremely small, for the ocean already 
contains 5 x 10" curies of naturally 
radioactive potassium and each atom 
bomb produces only about 5 x 108 curies 
of Strontium 90. We have to consider the 
possibility that marine organisms may 
concentrate strontium to an alarming 
extent. Table II shows how efficient a 
few marine organisms are in concentrating 
the element. A number of species in each 
group mentioned have been analysed, and 
the individual figures quoted have been 
chosen as representative. 

From this table it appears that corals 
concentrate strontium by the largest 
factor, which is of the order of 1,000, and 
green algae by the least. All the organ- 
isms concentrate strontium to some degree. 


Sr content Concentration Ca/Sr 
vg./g. dry wt. factor from sea wt. /wt. 
water 

800 100 10 
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Since strontium is so similar to calcium, 
the calcium/strontium ratio is a better 
index than the absolute strontium content 
of the discrimination for strontium by an 
organism. This ratio has been included 
in Table II and it appears that in most 
organisms studied the ratio does not differ 
significantly from its value in sea water, 
where Ca/Sr is 50/1. There are two 
striking exceptions to this observation. 
All the brown seaweeds studied have 
Ca/Sr ratios of about 10/1, so that these 
algae prefer strontium to calcium by a 
factor of five. On the other hand all 
molluscan shells (except those of the 
primitive chitons) have Ca/Sr ratios of 
about 200/1 and therefore reject strontium 
by a factor of four. (This rejection factor 
is roughly the same for marine shells of 
both calcite and aragonite). It is not 
surprising that shells contain purer cal- 
cium than does sea water, since when 
calcium carbonate is precipitated chemi- 
cally the strontium is mostly left in the 
mother liquor. The preferential uptake 
of strontium by the brown algae is less 
easily explained, though it finds an analogy 
in the behaviour of ion-exchange resins 
which tend to absorb the rarer ion of a 
similar pair. Many brown algae contain 
fucoidin, a poly-fucose monosulphonate, 
which would be expected to behave like 
an ion-exchanger. However, red and 
green algae contain other sulphonated 
polysaccharides and should not differ 
markedly from brown algae in their 
uptake of strontium by this means. Algal 
chemistry is little known at present, but 
brown algae are known to differ from all 
other groups in containing large quantities 
of ascorbic acid. 

The calcium/strontium ratio in the sea 
is remarkably small compared with the 
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ratio in most igneous and sedimentary 
rocks, where it ranges from 100/1 to 
1000/1. This suggests that strontium, 
like sodium and magnesium, is an element 
which accumulates in sea water, while 
calcium is removed either by chemical 
precipitation or in the shells of marine 
organisms. It should be possible to test 
whether the strontium content of the ocean 
has increased during geological time by 
measuring the Ca/Sr ratios in a series of 
similar fossils of known ages. It is recog- 
nised that the chemistry of the fossilisation 
process is insufficiently known to render 
this procedure unequivocal, but it appears 
the only possible way of testing the 
hypothesis outlined above. Odum has 
determined the strontium contents of 
recent and fossil brachiopod and mollusc 
shells by a spectrometric method, and 
concluded that the strontium content of 
the ocean has not changed since Cambrian 
times. No details of his analytical method 
have been published. Mollusc shells show 
a four-fold rejection of strontium and are 
therefore perhaps not the best indicators 
of oceanic strontium. Table II suggests 
that corals would be more suitable 
organisms for this purpose. 

I have measured the strontium contents 
of a number of recent and fossil corals 
using the activation method and obtained 
a different result, shown in Table III and 
Fig. 1. The analytical figures indicate 
that the Ca/Sr ratio in corals has been 
decreasing regularly at least since the 
Devonian period. The Silurian results 
are anomalous and seem to imply a strik- 
ing change in the composition of the 
ocean between Silurian and Devonian 
times. It is at least clear that further 
work is needed to reconcile these results 
with those of Odum, and until this is done 


Ca/Sr Ratios in Recent and Fossil Corals 


Age Ca/Sr 
Specimens (million years) wt./wt. (standard error) 
15 Recent corals 0 36°5 2°2 
1 Oligocene coral 50 43-5 
10 Cretaceous corals 120 409 104 
17 Jurassic corals 150 575 105 
11 Carboniferous corals 280 936 180 
3 Devonian Corals 320 | 1,100 700 
4 Silurian Corals . 350 334 57 
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Fission Propucts witrH HALF-LIVES 
BETWEEN 1 AND 100 YEARS 


% Fission Half-life 


Isotope Yield (Years) 


Caesium 137 
Strontium 90 
Promethium 147 
Samarium 151 
Ruthenium 106 
Krypton 85 
Europium 155 
Antimony 125 
Cadmium 113 


nN 
— 


hazardous to human beings than stron- 
tium, since it is not stored in any particular 
tissue and is very rapidly excreted. It is 
clearly important to study the biogeo- 
chemical behaviour of strontium in order 
to predict the fate of the Strontium 90 
already released into the atmosphere by 
atomic explosions, which will not decay 
to negligible proportions for about three 
hundred years. 

One of the main difficulties in such 
studies has been the lack of sufficiently 
sensitive analytical techniques for measur- 
ing small amounts of strontium. The 
large quantities of calcium in biological 
materials interfere with chemical deter- 
minations, while spectrometric determin- 
ations are never very precise and can 
seldom detect less than 10-5 g. of the 
element. The method of activation analy- 
sis recently developed at Harwell is free 
from calcium interference and is suffi- 
ciently precise to determine 10-7 g. of 
strontium. In this method a sample is 
irradiated in a high neutron flux in the 


centre of the pile BEPO and the 2:8 hour 
isotope Strontium 87 is rapidly separated 
by conventional chemical methods and 
measured with a scintillation counter, 
The separation procedure used takes only 
one half-life for up to eight samples, and 
the purity of the separated product can be 
tested in several independent ways. Cal- 
cium isotopes are scarcely activated under 
the conditions used and hence this element 
does not interfere. This method consti- 
tutes a major advance in the study of the 
natural occurrence of inactive strontium. 
I have used it to determine strontium in 
soils, plants, marine organisms and the sea. 

Since the oceans cover nearly three- 
quarters of the surface of the globe, they 
will collect the major portion of fall-out 
directly and to this will be added much of 
the rain soluble fraction of the fall-out 
from the land masses. However, the 
increase in radioactivity of sea water since 
the first atom bomb was exploded must be 
extremely small, for the ocean already 
contains 5 xX 10" curies of naturally 
radioactive potassium and each atom 
bomb produces only about 5 x 10% curies 
of Strontium 90. We have to consider the 
possibility that marine organisms may 
concentrate strontium to an alarming 
extent. Table II shows how efficient a 
few marine organisms are in concentrating 
the element. A number of species in each 
group mentioned have been analysed, and 
the individual figures quoted have been 
chosen as representative. 

From this table it appears that corals 
concentrate strontium by the largest 
factor, which is of the order of 1,000, and 
green algae by the least. All the organ- 
isms concentrate strontium to some degree. 
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Since strontium is so similar to calcium, 
the calcium/strontium ratio is a better 
index than the absolute strontium content 
of the discrimination for strontium by an 
organism. This ratio has been included 
in Table II and it appears that in most 
organisms studied the ratio does not differ 
significantly from its value in sea water, 
where Ca/Sr is 50/1. There are two 
striking exceptions to this observation. 
All the brown seaweeds studied have 
Ca/Sr ratios of about 10/1, so that these 
algae prefer strontium to calcium by a 
factor of five. On the other hand all 
molluscan shells (except those of the 
primitive chitons) have Ca/Sr ratios of 
about 200/1 and therefore reject strontium 
by a factor of four. (This rejection factor 
is roughly the same for marine shells of 
both calcite and aragonite). It is not 
surprising that shells contain purer cal- 
cium than does sea water, since when 
calcium carbonate is precipitated chemi- 
cally the strontium is mostly left in the 
mother liquor. The preferential uptake 
of strontium by the brown algae is less 
easily explained, though it finds an analogy 
in the behaviour of ion-exchange resins 
which tend to absorb the rarer ion of a 
similar pair. Many brown algae contain 
fucoidin, a poly-fucose monosulphonate, 
which would be expected to behave like 
an ion-exchanger. However, red and 
green algae contain other sulphonated 
polysaccharides and should not differ 
markedly from brown, algae in their 
uptake of strontium by this means. Algal 
chemistry is little known at present, but 
brown algae are known to differ from all 
other groups in containing large quantities 
of ascorbic acid. 

_ The calcium/strontium ratio in the sea 
is remarkably small compared with the 
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ratio in most igneous and sedimentary 
rocks, where it ranges from 100/1 to 
1000/1. This suggests that strontium, 
like sodium and magnesium, is an element — 
which accumulates in sea water, while 
calcium is removed either by chemical 
precipitation or in the shells of marine 
organisms. It should be possible to test 
whether the strontium content of the ocean 
has increased during geological time by 
measuring the Ca/Sr ratios in a series of 
similar fossils of known ages. It is recog- 
nised that the chemistry of the fossilisation 
process is insufficiently known to render 
this procedure unequivocal, but it appears 
the only possible way of testing the 
hypothesis outlined above. Odum has 
determined the strontium contents of 
recent and fossil brachiopod and mollusc 
shells by a spectrometric method, and 
concluded that the strontium content of 
the ocean has not changed since Cambrian 
times. No details of his analytical method 
have been published. Mollusc shells show 
a four-fold rejection of strontium and are 
therefore perhaps not the best indicators 
of oceanic strontium. Table II suggests 
that corals would be more suitable 
organisms for this purpose. 

I have measured the strontium contents 
of a number of recent and fossil corals 
using the activation method and obtained 
a different result, shown in Table III and 
Fig. 1. The analytical figures indicate 
that the Ca/Sr ratio in corals has been 
decreasing regularly at least since the 
Devonian period. The Silurian results 
are anomalous and seem to imply a strik- 
ing change in the composition of the 
ocean between Silurian and Devonian 
times. It is at least clear that further 
work is needed to reconcile these results 
with those of Odum, and until this is done 


Ca/Sr Ratios in Recent and Fossil Corals 


Specimens 
15 Recent corals 
1 Oligocene coral 
10 Cretaceous corals 
17 Jurassic corals 
11 Carboniferous corals 
3 Devonian Corals 
4 Silurian Corals . 
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Age Ca/Sr 
(million years) wt./wt. (standard error) 
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150 575 105 
280 936 180 
320 1,100 700 
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FIG.1. VARIATION OF Ca/Sr IN CORALS WITH AGE. 


the constancy of the oceanic strontium con- 
tent must be considered an open question. 

In contrast to its behaviour in sea-weeds, 
strontium is neither accumulated nor 
rejected by land plants. The calcium/ 
strontium ratio in a plant is generally 
similar to the available ratio in the soil 
on which the plant is growing, though 
the latter ratio is not easily measured. 
Plants like tobacco and lettuce which 
contain a high proportion of calcium also 
contain much strontium, while grasses, 
which are notably low in calcium, are 
deficient in strontium. Much of the 
hazard from fall-out appears to arise from 
radioactive particles deposited on plant 
leaves and stems, and relatively little from 
material which reaches the soil. Stron- 
tium is particularly readily taken up from 
foliar applications as well as by the normal 
process of translocation from the soil. 

In some areas round Bristol where 
strontium occurs in sufficient quantity 
to be mined, the strontium content of the 
soil is extraordinarily high: in some 


places strontium is even more abundant 
than calcium. Plants growing on stron- 
tium-rich soils reject strontium in favour 
of calcium by a small factor. The Avon 
Gorge below Bristol is a strontium-rich 
locality and some of the rare plants grow- 
ing there may be strontium indicator 
plants. Thus Arabis stricta appears to 
contain remarkable amounts of strontium, 
but mining operations in the Gorge spread 
so much dust that it is difficult to find 
uncontaminated native specimens. 
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RONALD GOOD, ™.A., Sc.D. 


Features of 
Evolution in 
the Flowering 
Plants 


This book is a contribution to the litera- 
ture of evolution in the wider sense as 
well as being a brief but comprehensive, 
illustrated account of the Flowering 
Plants. 

The chapters fall into three groups, 
the first of which deals with general 
matters and prepares the way for the 
others. The second presents Flowering 
Plants in terms which makes them 
specially significant in the study of evo- 
lution, and, incidentally provides a very 
full pictorial record of this section of 
the plant world. Special topics bearing 
on the subject of organic evolution are 
dealt with in the third group. 30s. net. 


J. C. COHEN, ™.A., Ph.D. and 
C. E. M. HANSEL, B.A. 


Risk and 
Gambling 


This book is a first attempt to define a 
new area of scientific enquiry. The study 
of subjective probability, which it con- 
cerns, opens up a field of enquiry com- 
parable in its extent and variety with 
that of mathematical probability. 

The book describes experiments on 
the development of ideas about the like- 
lihood of events, the use of language 
denoting uncertain states of mind, the 
study of intensity of belief and confidence, 
and risk taking over a broad field, and 
the results of these experiments are then 
related to the nature of gambling prac- 
tices. 145. net. 
“*., . the authors have made a consider- 
able technical contribution to their 
subject.”’ 

THE TIMES EDUCATIONAL SUPPLEMENT 
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Soil Zoology 


Edited by D. K. McE. Kevan, B.Sc., A.I.C.T.A.,; 
Dept. of Agricultural Sciences, Nottingham. 
Price 55s. 

This book contains the papers read at the Second 
Easter School in Agricultural Science organised 
by the University of Nottingham School of 
Agriculture, together with a full account of the 
techniques demonstrated. The purpose of the 
school was to provide a forum for discussion 
among specialists in soil zoology and to provide 
tuition, both theoretical and practical, for those 
who are now working in the field but who have 
hitherto received no specialist training. 

The proceedings are not intended to provide 
a complete textbook of soil zoology, but they 
contain sufficiently diverse material to stimulate 
interest and so will help to promote the study 
of soil fauna by indicating some of the problems 
that exist in this field and the methods by which 
they may be tackled. 


Automatie Digital Caleulators 


Second Revised Edition. 
By A. D. Booth, D.Sc., Ph.D., and K. H. V. 
Booth, Ph.D. Price 32s. 


This book has been written with new workers 
in the field particularly in mind, to serve as a 
guide to the theory, design, construction and 
use of digital calculators. 

An introductory account of the nature and 
function of an automatic calculator is followed 
by a brief history of these devices from the 19th- 
century work of Charles Babbage to the present 
day. The second part of the book deals with 
the logical design of calculating machines, 
leading to descriptions of the means used to 
reduce these designs to practice. 

Finally, detailed consideration is given to 
coding and the technique of preparing problems 
and programmes for calculating machines, 
followed by practical applications in some of the 
uses to which they have already been put. 

In this second edition, the text has been 
completely revised and brought up to date and 
the bibliography greatly expanded. 


Gas Chromatography 


By Courtenay Phillips, University Demonstrator 
in Inorganic Chemistry, Oxford. Price 25s. 


This book gives a broad survey of the work in 
the field, but is especially designed with the 
object of assisting those who are using, or 
intend to use, gas chromatographic techniques 
themselves. 

Gas chromatography is a relatively simple 
process, both in theory and in practice, yet it 
produces rapid and highly efficient separations 
and analyses of a very wide range of volatile and 
feebly volatile materials. Besides its great ana- 
lytical value, gas chromatography also provides a 
very convenient means of studying a variety of 
physicochemical problems, particularly those as- 
sociated with solution and adsorption equilibria. 


BUTTERWORTHS 


—— NEW BOOKS —— 


| 


of 
360, 368) 
ulation 
quatori 
siograph | | | 
health in 
dust oe 
= 
» 358 
sch and 
| 
oal | 
nt 
om 
nd 
| 
ed he, 
lic 
| 
| 
| 
| 
| 


The Revolution in Philosophy 


A. J. AYER, W. C. KNEALE, G. A. PAUL, D. F. PEARS, 
P. F. STRAWSON, G. J. WARNOCK, R. A. WOLLHEIM. 
Introduction by GILBERT RYLE 


These lectures, most of which were originally broadcast on the Third 
Programme of the B.B.C., deal with the development of philosophy 
in the last sixty years, largely in England, but also in Germany, 
Austria and America. 10s. 6d. 


Principles of Nuclear Reactor 
Engineering 
SAMUEL GLASSTONE 


The field of nuclear reactor engineering encompasses the design, 
construction, and operation of reactors for the release of energy in a 
continuous and controlled manner by the fission of certain atomic 
nuclei. The main purpose of this book is to describe the fundamental 
scientific principles upon which reactor engineering is based. The 
author is Consultant to the United States Atomic Energy Commission. 

Illustrated. 60s. 


Guidance 
ARTHUR S. LOCKE 


The first volume in the “Principles of Guided Missile Design” 
series, edited by Capt. Grayson Merrill, U.S.N. Guidance is the first 
comprehensive treatment of the basic principles of missile guidance. 
This new book considers every fundamental problem encountered in 
guiding a controlled missile reliably to its target. T/lustrated. 90s. 


The Teaching of Geography 

G. H. GOPSILL 
A modern and realistic book on teaching method, which not only 
states the principles which underlie sound teaching, but also shows 
their application. Aural and visual methods of illustration, and 
“incidental” teaching aids, are fully dealt with. There is a section on 
planning a syllabus, and equipping a room. With a bibliography for 
each chapter, and four appendices. Illustrated. 25s. 
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High octanes and haute couture 


From the treasure store of petroleum come 
many wonderful substances. Especially 
chemicals from which the scientist, with 
rernarkable skill, creates things even more 
wonderful ..... 

‘The main intermediate material used in the 
new I.C.I. fibre “ Terylene” is a chemical 
calied terephthalic acid derived from para-xylene. 
Para-xylene can be obtained from more than one 
source and by more than one process, but until 
the advent of the ‘ platformer’ for the pro- 
duction of high octane spirit it was impracticable 


to obtain it in the quantities required for large 
scale “‘ Terylene ” manufacture. 

It was a happy coincidence of timing that, 
when the makers of “ Terylene ”’ were seeking 
bulk supplies of para-xylene, Shell were building 
a new high-octane refinery at Stanlow. An 
auxiliary unit was added—and the supply of raw 
materials for para-xylene assured. 

It is by teamwork such as this that new 
products are created, new standards of living 
realised. And sepelinahy often, Shell is a 
member of the team. 


Yowre always meeting Shell Chemicals 


SHELL CHEMICAL COMPANY LIMITED, 105-109 Strand, London, W.C.2. Tel: TEMple Bar 4455 
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The pages of ‘‘ Engineering ’’ contain the 
most authoritative reports covering every 
field of engineering on land, sea or in the air, 
and are a constant source of information 
and ideas. The advertising columns regularly 
carry the announcements of the major 
engineering industrialists of Great 


Britain. 
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Visit our Stand No. 33! at the International Machine Tool Exhibition, Olympia, June 22nd - July 6th 
iv 
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In the field of 

scientific photography, 
where performance 

must be capable of 
prediction and control 
within close limits, the 
consistently high quality 
of Ilford products has 
more than usual 
significance. This 
accounts for the 

regular use of Ilford 
sensitised materials 

by scientific and 
industrial research 
organizations both great 
and small, in every 

part of the world. 


PHOTOGRAPHIC MATERIALS 


in the Service of Science 


ILFORD LIMITED - ILFORD - LONDON 


% 
In the interest of accurac 


SOME NEW 
OXFORD BOOKS 


Molecular Beams 


BY N. F. RAMSEY 


(International Series of Monographs 
on Physics) 


This monograph is the first detailed book 
published during the past 24 years on 
molecular beam research, even though this 
subject has been one of the most important 
sources of new scientific information during 
that time. Both the molecular beam 
experiments and the theoretical physics 
associated with them are discussed in detail. 


Illustrated 75s. net 


The Interference 
Systems of Crossed 
Diffraction Gratings 


Theory of Moiré Fringes 
BY J. GUILD 


(Monographs on the Physics and 
Chemistry of Materials) 


In this book the author gives the theory 

of the interference phenomena responsible 
for the production of moiré fringes—the 
fringes produced by a pair of similar 
transparent diffraction gratings mounted 
face to face—and derives the conditions in 
which they may be observed with 

gratings of the finest pitches. The influence 
of groove form on the intensity of 
distribution of the fringes and the effect of 
ruling errors on their shape are fully treated. 


Illustrated 25s. net 


The Mathematics 
of Diffusion 


BY J. CRANK 


This book is written for those who are 
interested in the mathematical work which 
has been done in diffusion within the last 
ten years, and who wish to have the results 
of this and earlier work presented in a 
readily usable form. 


50s. net 


OXFORD UNIVERSITY PRESS 


The Petroleum Acids 
and Bases 


H. L. LOCHTE 
and 
E. R. LITTMANN 


360 pages 50s, 


Agricultural Ecology 
GIROLAMO AZZI 
(University of Perugia) 


Illustrated 420 pages 45s. 


Fluid Mechanics 
R. C. BINDER 
388 pages 45s. 


Third Edn. 


An Introduction to 
the Study of Insects 


D. J. BORROR 
and 
D. M. DELONG 


Illustrated 1030 pages 50s. 


The Theory of Numbers 
B. W. JONES 
143 pages 


Advanced Organic 
Chemistry 


E. E. ROYALS 
948 pages 68s. 


Constable & Co. Limited 
10-12 Orange Street * London W C2 


24s. 
Ey. 


** Spectrosol” Solvents in use in the Analytical Laboratories of Parke Davis & Co. 


Since the introduction by Hopkin & Williams Limited of “‘Spectrosol” Solvents, 
specially purified for absorption spectroscopy, the range has been extended 
and now comprises the following items :— 


<O> 


Code No, Code No. 

2858.5 ... Carbon Tetrachloride 4118.5 ... Ethyl]! alcohol 
Chloroform 4554.5... n-Hexane 

3566.3 ... Cyclohexane 6346.5 ... iso-Octane 
4101S... Ethyl Acetate 7218.5 ... iso-Propy! alcohol 


““Spectrosol’’ Solvents are supplied only by Hopkin & Williams Limited and 
a descriptive leaflet and price list will be sent free on request. 


HOPKIN & WILLIAMS Limited 


Fine Chemicals for Research and Analysis 
CHADWELL HEATH, ESSEX, ENGLAND 
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PROGRESS IN ELECTRONICS 


Impedance “measurements on a 
radial ultrasonic transducer 
developed for continuous 
cleaning processes. 


Ena beyond vision 


Whenever a new research project 
is initiated, none can foresee its 
end. Even applied research with 
limited objectives is likely to open 
up new avenues which invite 
exploration. 

In the field of ultrasonics, modest 
beginnings have led to developments 
which few could have foretold. 
Mullard developed the first ultra- 
sonic soldering iron for soldering 
aluminium. Now, from the same 
laboratory, have come other in- 


dustrial applications which include 
ultrasonic drilling and ultrasonic 
cleaning of small engineered parts. 
These new inventions will in- 
fluence the production techniques 
of many industries, bringing benefits 
in the shape of better products, 
cheaper products, and greater 
efficiency. And as the applications 
of electronics extend in scope, 
Mullard Research may well have 
a part to play in the future of 
your own industry. 


ELECTRONIC VALVES & TUBES 
SEMI-CONDUCTOR DEVICES 
...MAGNETIC COMPONENTS 
FINE WIRE... SPECIALISED 
ELECTRONIC APPARATUS.. 


MULLARD LIMITED - CENTURY HOUSE ¢« SHAFTESBURY AVENUE - LONDON Wii 
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MEASUREMENT & CONTROL. 


The concept of instrumentation is changing with the contin- 
uous growth of its application and responsibility in industry 
and research. There is today an enormous variation in the 
prescribed or accepted standards of accuracy and performance ; 
and the contemporary instrument designer and manufacturer 
must be nothing if not flexible in approach and outlook just 
as much as in productive capacity. For special instrumenta- 
tion and control gear as well 


as standard range instruments, 
test sets and relays consult 


MEASURING INSTRUMENTS (PULLIN) LIMITED 
Electrin Works, Winchester Street, Acton, London, W.3. Tel. ACOrn 4651 
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GALACTIC NEBULAE & INTERSTELLAR MATTER 
Jean Dufay 
Translated by A. J. Pomerans 


“Provides the most complete account available of the many diverse phenomena, observa- 
tional and theoretical, involved in the study of interstellar matter.”—Sir H. Spencer Jones. 


Autumn 1956 
CONTEMPORARY PHYSICS 


C. v. Weizsacker and J. Juilfs 
Translated by A. J. Pomerans 


A survey of the entire field of physics, both classical and contemporary. It gives a sound 
conception of what physics has achieved and what it is up to, without the use of mathematics. 


Autumn 1956 18s. 
HIGH SPEED FLIGHT 
E. Ower, B.Sc., and J. L. Nayler, M.A. 


This book explains to the layman, with a minimum of technicality, the human and 
mechanical poten of high-speed and supersonic flight. Illustrated in line and half-tone. 


Autumn 195 258. 
LIFE AUTOMATIC 
Magnus Pyke, B.Sc., Ph.D. 


A lively and thought-provoking survey of ‘automation’ in which the past is briefly reviewed, 
the present lucidly described, and the future shrewdly assessed. The whole field is covered, 
from factory and laboratory control to translation machines and guided missiles. 


Autumn 1956 16s. 


HUTCHINSON’S 
Scientific and Technical Publications 
178 Great Portland Street, London, W.1 


Wanted to Purchase IN ENGLISH 


AVAILABLE FOR THE FIRST TIME 


Wm. DAWSON & SONS LTD. 
4 DUKE STREET 
MANCHESTER SQUARE 


COLLECTIONS OF SCIENTIFIC ge AVLOV 


PERIODICALS IN ALL 


SELECTED WORKS 


LANGUAGES 


This is the most representative 


selection of the works of the 


* great Soviet scientist ever pub- 


lished in the English language. 


* cluding a short autobiography. 


Price 10/6 Postage 1/3 


From all booksellers 


CENTRAL BOOKS LTD 
2 Parton Street, London, W.C.1 


LONDON W.1 
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THE FERRANTI PEGASUS COMPUTER 


The Ferranti Pegasus Com- 
puter is a new high - speed 
general - purpose electronic 
digital computer of excep- 
tional versatility. It is suitable 
for a great variety of scientific 
and technical applications. It 
incorporates many features 
which simplify the preparation 
of work for it. 

For lists giving details of 
Pegasus write to Computer 
Department, Moston, Man- 
chester, 10, or London Com- 
puter Centre, 21 Portland 
Place, London, W.1. 


The Ferranti Pegasus Computer installed 
at the London Computer Centre, 21 Portland 
Place, W.1 


FERRANTI LTD MOSTON MANCHESTER 10 


LONDON COMPUTER CENTRE : 21 PORTLAND PLACE, W. 1. 


PHOSPHORUS 


_ Amorphous 
Suiphides Phosphorus 


Thiophosphates 
Acad 


Additives Anti-foan Agents Catalysts 


t Proofing Penicillin Catalysts Wool Eiectrotytic Soft Drinks Activated Metal. 
jutions Dyeing Polishing Carbon Cleanirg 


‘Wiis ufactur ed by Chart of Phosphorus Derivatives 


ALBRIGHT & Wison 


49 PARK LANE - LONDON - W.1 - WORKS: OLDBURY & WIDNES 
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THE MODERN TECHNIQUE 
OF A MODERN AGE 


ELECTRONICS—This_ vital new 
science which is finding its way 
into every industry has as_ its 
technical journal ELECTRONIC 
ENGINEERING. 


Here each month is set out for 
you the means by which electronics 
is becoming indispensable to engineers 
throughout the world. 


PRICE 3/- MONTHLY. Annual Subscription 36/- 


Electronic Engineering 


Published by MORGAN BROTHERS (Publishers) LTD. Proprietors of ‘THE ENGINEER’ 


28, ESSEX STREET, STRAND, LONDON, W.C.2 


as | Research... 


Each of the many producing units of this 
organisation has its own research laboratories, 
but the specially equipped Research and 
Development Department now centralised in 
the new Swinden Laboratories at Rotherham 


Ultra-violet rays, although primarily has a wider and more fundamental function. 
associated in most minds with clinical 
and curative applications, are playing 
. very i a = in many of to- It covers the whole iron and steel making field, 

ay’s industries. ew time-savin 
ce ad oe ray equipment is oe from the raw materials to the finished product 
available to the chemist or enterpris- i close co-opera- 
ing manufacturer specially designed and consequently 
to — him solve everyday problems tion not only with other steel companies in 
Your cane A may be one of detecting Great Britain and abroad, but also with allied 
flaws in metal or plastic components : iations and 
before these are passed on for costly workers in numerous research associati 


machining, the sterilization of water. universities. A brochure describing the equip- 
preventing food spoilage, or even the 


welding together of Perspex compo- ment and activities of the department 1s 
nents. These are but a few of the : 
many instances in which ultra-violet available on request. 
rays are successfully applied each day. 
Perhaps you have a problem which 
ultra-violet rays can solve. Why: not 
contact the specialists in the manu- 


facture of this equipment for full THE UNITE THE UNITED STEEL 
eS COMPANIES LTD 


7 _ 17, Westbourne Road, -. 
Manovia - sucks 0 
SHEFFIELD 1 

Lamps Division of Engelhard Industries Ltd. 


Specialists in ultra-violet ray equipment for all applications 
TGA T&2 
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THE PHYSICAL SOCIETY 


A Society for all who are 
interested in Physics 
Privileges of Membership include: 
Attendance at all meetings of the 

Society. 
A Pass for the Exhibition of Scientific 
Instruments and Apparatus. 


Membership of any of the Specialist 
Groups of the Society without 
further payment. 

Reduced prices for all publications. 

Use of the Society’s Library. 


Application forms for Fellowship and 
Studentship may be obtained from: 


THE PHYSICAL SOCIETY 
1 LowTHER GARDENS, PRINCE 
Consort RoapD, LonpDon, S.W.7 


BOOKS 


ON 


NATURAL HISTORY. 


AND 
BIOLOGY 


New, Second-hand, Old and Rare — 


CATALOGUES ON REQUEST 


WHELDON & WESLEY, 
LTD. 


83/84 BERWICK STREET 
LONDON, W.i. Phone: GER 6459 


The British Journal 
for the Philosophy of Science 


Sigmund Freud Centenary 
CONTENTS FOR MAY 1956 
ARTICLES 
Freud’s Theory R, 8, PETERS 

Psycho-Analytic Technology 
J. O. WISDOM 
Experimentation within the Psycho- 
Analytic Session HENRY EZRIEL 
A Critical Evaluation of Certain 
Basic Psycho-Analytic Conceptions 
W. R, D, FAIRBAIRN 
Freud and Homeostasis NIGEL WALKER 
On Explanation in Psychology and in 
Physics E, H. HUTTEN 
The World of the Unconscious and 
the World of Common Sense 
R. EB, MONEY-KYRLE 
Annual subscription 30s post free, 
single copy 7s 6d, postage 34 


PARKSIDE NELSON EDINBURGH 9 


VARIAC 
AUTO-TRANSFORMERS 


The original and still by far the best and most 
reliable manual control of a.c. voltage. Compared 
with the losses of resistivecontrols the“ VARIAC” 
usually saves its cost within about one year. 
Available in various sizes from 170 VA to 25 kVA, 
they are very reasonable in price. Two-gang and 
3-gang assemblies (for 3-phase work) are also 
always available promptly. 
We shall be pleased to send you our a re 
Technical Manual, free and post free. 
“ V-549 (3rd Edition). 
AUTOMATIC VOLTAGE STABILISERS 
We can offer a complete range of automatic voltage 
stabilisers from 200 VA to about 25 kVA, single 
phase. Three-phase stabilisers are also availabe 
romptly. These instruments are frequency 
insensitive, and the output is entirely free ‘as 
harmonics. Our 20-page Catalogue V-$49-S will 
gladly be sent free and post free on application. 


Head Office & Works: 
76 Oldhali Street, Liverpool 3, Lancs. 
Southern Factory : 
vad Works, Ware Road, Hoddesdon, Herts, 
(A.10 maia London /Cambridge Road, at Junction of A.602) 
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With a resolution of 100 A.U. the EM4 greatly increases 
the scope of the research or development laboratory and 
is invaluable for routine testing. Detail twenty times finer 
can be studied with the EM4 than is possible with the 
finest optical instrument. In addition, the clarity of defini- 


tion is far superior. 
Please write for full technical details. 


Member of the A.B.1. group of companies. 


SCIENTIFIC BOOKS 


H. K. LEWIS can supply from stock or to order any book on the Pure 
_ and Applied Sciences. Catalogues on request. 
CONTINENTAL AND AMERICAN works obtained to order 
with the least possible delay. i 


SECOND-HAND SCIENTIFIC BOOKS 


An extensive stock of books in all branches of Pure and a Science may be seen in this 
department. Large and small collections bought. volumes of Scientific Journals. 


SCIENTIFIC LENDING LIBRARY 


Annual Subscription from £1 17s. 6d. Prospectus post free on request. 


THE LIBRARY CATALOGUE, revised to December, i Pp. xii 4- 1152. 
To subscribers 17s. 6d. net., to non-subscribers 35s. net.; postage 1s. + 

Supplement 1950 to 1952. To subscribers 3s. net; to net; postage 9d. 
Bi-monthly List of New Books, and new editions added to the Library, sent post free to 


subscribers regularly. H K. LEWIS & Co. Ltd. 


Telegrame: | 436 GOWER STREET, LONDON, W.C4 


Printed in Great Britain by Spottiswoods, Ballantyne & Co. Ltd., London and Colchester 


Telephone: EUSton 4282 | 
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